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Abstract 
The seasonal change in abundance and distribution of intertidal algae and the interaction 
between algae and Antarctic limpets Nacella (Patinigera) concinna (Strebel, 1980) were 
studied in the rocky intertidal of King George Island, South Shetland Islands, during two 
austral Summers and one austral winter. Furthermore, the seasonal Pattern of ice 
disturbances and its influence On the development of algae were investigated. 
Most intertidal algal species are annual and pseudo perennial and exhibit large fluctuations 
in abundance and distribution with intertidal shore levels and season, as well as interannual 
variations. Nevertheless, a rough zonation of macroalgae was recognisable: the upper 
intertidal is characterised by Porphyra endiviifolium and Urospora penicilliformis, the 
middle by Adenocystis utricularis and Iridaea cordata with Monostroma hariotii, and the 
lower intertidai fringe by lithothamnioid and some sublittoral macroalgae. Most intertidal 
algae (M. hariotii, Palmaria decipiens, Acrosiphonia arcta, filamentous algae), which were 
abundant during the first summer, did not occur during the second summer. 
Disturbance by ice foot occurred in winter, while ice scouring by floating ice was severe 
before forming and after receding of sea ice. Intensity and frequency of disturbances by ice 
foot and ice scouring increased with increasing shore levels. Except for the upper intertidal, 
however, the percentage Cover of the annual algae did not decrease with increasing shore 
levels. In addition, most algae disappeared from the intertidal before the formaiion of ice 
foot. On the other hand, the density of the pseudo perennial macroalga Adenocystis 
utricularis was negatively impacted by the disturbance of ice foot. 
Mark-recapture experiments and distribution of limpets indicated that the important grazer 
Nacella concinna migrated seasonally from the sublittoral to the littoral in summer. Since 
limpets reduced the density of filamentous algae and of the diatom film during the upward 
migration, herbivore grazing limits the distribution of Antarctic intertidal algae at low shore 
levels, while physicai ice disturbance controls algal growth at the upper shore levels. The 
relative effects of N. concinna on the marcoalgae appeared to be severe in early life Stages 
compared to adults. In the first summer, upward migration of limpets was delayed by high 
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densities of green algae, whereas the lack of green algae in the second summer forced 
limpets to migrate rapidly to the intertidal. 
A significant difference in shell heights of limpets was found between the intertidal and sub- 
littoral groups. In addition, mark-recapture experiments showed a significant difference in 
migratory behaviour between the two groups, indicating that the intertidal migrants 
appeared to be adapted morphologically and physiologically to the intertidal habitat. On the 
other hand, the intertidal limpets exhibited a strong bias to females (male:female, 1 : 1.359) 
and mean shell size in males was significantly larger than in females, while the Sex ratios in 
sublittoral limpets were approximately 1 : 1. Furthermore, only adult limpets (> 20 nun) were 
found in the intertidal. It can be presumed that the population characteristics in the Antarctic 
limpet are largely different between the intertidal and sublittoral sub-population. 
A significant decrease of limpet gonad condition factors was noted between January and 
February 1997 reflecting the liberation of gametes during this period. Due to the absence of 
food between November and December 1997, the somatic condition factor of limpets 
decreased dramatically. In contrast, the gonad condition factor continuously increased 
during the second summer. Thus, it can be inferred that Nacella concinna is more flexible in 
growth rate rather than reproduction with respect to the fluctuation of food availability. 
Zusammenfassung 
Zusammenfassung 
Im Rahmen dieser Arbeit wurden die jahreszeitlichen Unterschiede in der Abundanz und 
Verteilung der Algen in der Gezeitenzone und die Wechselwirkungen zwischen Algen und 
der antarktischen Napfschnecke Nacella (Patinigera) concinna (Strebel, 1980) untersucht. 
Zudem wurden die saisonale Auswirkung der EisstÃ¶runge und deren EinfluÃ auf die 
Entwicklung der Algen untersucht. Die Arbeiten fanden an einer FelskÃ¼st der King- 
George-Insel, SÃ¼d-Shetland-Inseln wÃ¤hren zweier Sommer und eines Winters statt. 
Die meisten Algenarten im Gezeitenbereich sind annuell und pseudoperennierend, und ihre 
Abundanz zeigte groÃŸ saisonale Schwankungen. Ihre Dichte und Arten-zusammensetzung 
Ã¤nderte sich vom ersten zum zweiten Jahr. Trotz der Schwankungen war eine grobe 
Zonierung im Gezeitenbereich erkennbar: Porphyra endivi$olium mit U r o  s p  o ra  
penicilliformis waren im oberen, Adenocystis utricularis und Iridaea cordata mit 
Monostroma hariotii im mittleren, und Kalkalgen und einige sublitorale Algenarten im 
unteren Gezeitenbereich vorhanden. Die meisten Algen (M. hariotii, Palmaria decipiens, 
Acrosiphonia arcta, filamentÃ¶s Algen), die im ersten Sommer stark verbreitet waren, 
kamen im zweiten Sommer nicht vor. 
WÃ¤hren das Eulitoral im Winter durch den an das Festlandeis anschlieÃŸende "EisfuÃŸ 
(engl. ice foot) gestÃ¶r wurde, wirkt sich das Kratzen und PflÃ¼ge schwimmenden Eises 
kurz vor der Bildung und nach dem Aufbrechen der Meereisdecke stark auf den 
Gezeitenbereich aus. Die IntensitÃ¤ und HÃ¤ufigkei der EisstÃ¶runge nahmen mit 
zunehmender StrandhÃ¶h zu. AuÃŸe im oberen Gezeitenbereich nahm der prozentuale 
Bedeckungsgrad der annuellen Algen mit zunehmender GezeitenhÃ¶h jedoch nicht ab. 
AuÃŸerde verschwanden die meisten litoralen Algenarten vor der Bildung des EisfuÃŸes 
Zudem wurde die Dichte der pseudoperennierenden Makroalge Adenocystis utricularis 
durch die StÃ¶run des EisfuÃŸe negativ beeinfluÃŸt 
Ein Markierungsexperiment und die Verteilungen der als WeidegÃ¤nge bedeutsamen 
Napfschnecken machen es wahrscheinlich, daÂ Nacella concinna im Sommer vom 
Sublitoral zum Eulitoral wanderte. Die Dichte der filamentÃ¶se Algen und des 
Zusammenfassung 
Diatomeenfilms ging wÃ¤hren der AufwÃ¤rtswanderun der Napfschnecken zurÃ¼ck Daher 
ist anzunehmen, daÂ die Abundanz und Verteilung der eulitoralen Algen i m  unteren 
Gezeitenbereich durch das Abweiden der Herbivoren beeinfluÃŸ wurde, wÃ¤hren die 
physikalischen EisstÃ¶runge das Wachstum der Algen im oberen Gezeitenbereich 
kontrollierten. Anscheinend wirkt sich das Weiden der Napfschnecken stÃ¤rke auf die 
frÃ¼he als auf die adulten Stadien der Makroalgen aus. Die AufwÃ¤rtswanderun wurde 
durch den dichten Bewuchs von GrÃ¼nalge im ersten Sommer verzÃ¶gert wÃ¤hren das 
Fehlen von GrÃ¼nalge im zweiten Sommer zu einer schnellen Wanderung in den oberen 
Gezeitenbereich fÃ¼hrte 
Ein signifikanter Unterschied der SchalenhÃ¶he der Napfschnecken wurde zwischen der 
eulitoralen und der sublitoralen Untergruppe gefunden. AuÃŸerde zeigte das 
Markierungsexperiment einen signifikanten Unterschied im Wanderungsverhalten der 
beiden Gruppen. Die in die Gezeitenzone wandernden Napfschnecken scheinen sich 
morphologisch und physiologisch dem litoralen Habitat anzupassen. Es wurden mehr 
weibliche als mÃ¤nnlich Napfschnecken gefunden (mÃ¤nn1ich:weiblich 1 : 1,359), und die 
mittlere SchalengrÃ¶Ã der mÃ¤nnliche Napfschnecken war signifikant grÃ¶Â§ als die der 
weiblichen. Das GeschlechterverhÃ¤ltni der sublitoralen Napfschnecken war dagegen 
annÃ¤hern 1 : 1. Interessanterweise wurden nur Adulte (> 20 mm) im Eulitoral gefunden. Aus 
diesen Ergebnissen kann abgeleitet werden, daÂ die Populationsmerkmale antarktischer 
Napfschnecken fÃ¼ die eulitoraie and sublitoraie Subpopulation unterschiedlich sind. 
Eine signifikante Abnahme des Konditionsfaktors der Gonaden zwischen Januar und 
Februar 1997 deutet darauf hin, daÂ die Reproduktion der Napfschnecken wÃ¤hren dieses 
Zeitraums stattfand. Ohne Nahrung zwischen November und Dezember 1997 sank der 
somatische Konditionsfaktor dramatisch. Im Gegensatz dazu nahm der Gonaden- 
konditionsfaktor im zweiten Sommer ununterbrochen zu. Daraus kann gefolgert werden, 
daÂ die Wachstumsrate von N. concinna flexibler als ihre Reproduktion in bezug auf die 
Schwankungen in Nahrungsangebot reagiert. 
1. General introduction 
Chapter 1 
General introduction 
Prevwus work und problem 
Antarctic and sub-Antarctic rocky intertidal assemblages have been described in a number 
of publications (Knox 1960, Delipine et al. 1966, Zaneveld 1966, Hedgpeth 1969, 1971, 
Gruzov and Puskin 1970, Stockton 1973, 1990, Amaud 1974, DeLaca and Lipps 1976, 
Moe and DeLaca 1976, Petrov and Nikolaev 1982, Ramirez and Villouta 1984, Castilla 
and Rozbaczylo 1985, Zielinski 1990, Gallardo st  al. 1999). Most of them describe vertical 
zonation pattems in a narrative way in qualitative terrns only. 
From these reports, the intertidal Zone of the Antarctic appears to be inirnical to living 
organisms (foi a review see Amtz et al. 1994, Clarke 1996). Ice is an important factor 
controlling distribution and occurrence of intertidal organisms (for a review see Barnes 
1999). For example, the intertidal Zone is heavily disturbed by snow and ice foot in winter 
(Delipine et al. 1966, Walker 1972, Shabica 1972, 1976), allowing macroalgae only to 
overwinter in form of rhizoidal crusts or Spores (sensu Heywood and Whitaker 1984). 
Additionally, floating sea ice may scour parts of the intertidal also during surnrner (e.g., 
Neushul 1966, Hedgpeth 1969, Barnes 1995, Pugh and Davenport 1997). On the other 
hand, the ice cover during winter may prevent exposure of the tide pools to low air 
temperatures (Shabica 1972, Walker 1972). This protection effect of the ice thus may 
permit an overwintering of algae between tidemarks (Shabica 1972). Indeed, some 
observations (Gutkowski and Maleszewski 1989, KlÃ¶se Pers. cornrn.) indicate that at least 
some species may remain intact opposite to previous opinions. When the sea-ice cover 
disappears from the rocky shore, algae and diatoms quickly develop and attain a 
considerable biomass (Hedgpeth 1971, Stockton 1973, Amaud 1974, Castilla and 
Rozbaczylo 1985, Zielinski 1990, for a review see Dayton 1990). Even in summer, sessile 
marine invertebrates are largely absent, and the only animals in the intertidal found in 
quantity are limpets (Hedgpeth 1969, Shabica 1971, 1976, Walker 1972, Castilla and 
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Rozbaczylo 1985, Brethes et al. 1994) and motile amphipods (Jazdzewski et al. 1986, 
Rauschen 199 1). 
Unfortunately, few Papers focus On the dynamics of coastal ecosysterns or  On the 
mechanisms explaining the above mentioned Patterns of vertical distribution (i.e. for 
Antarctic shallow sublittoral environments see Dayton et al. 1974). Generally speaking, 
there is a rudimentary scientific knowledge about trophic structure of these assemblages on 
Antarctic coasts and a lack of experimental work (Castilla and Rozbaczylo 1985). 
Particularly, it remains largely unknown to which degree Subantarctic and Antarctic rocky 
intertidal assemblages are biologically or physically accornmodated. 
The limpet Nacella (Patinigera) concinna (Strebel, 1908) in particular is a partial 
herbivore, grazing nlicrophytobenthos (Shabica 1976, Brand 1980, Dcen 1995), calcareous 
rhodophytes (Brand 1980), and seaweed (Iken 1995), but also on bryozoans and sessile 
spirorbid polychaetes (Brand 1980). In summer, it is abundant in the intertidal as well as in 
the sublittoral (Walker 1972, Shabica 1976, Brethes et al. 1994). 
It is not clear, what factor triggers the irnmigration of limpets into the intertidal in spring. 
Cornpeting explanations are: density dependent migration to evade intraspecific 
competition, attraction by the availability of an important alternative energy resource due 
to the growth of benthic microalgae in the intertidal, and an internal behavioural trigger 
mechanism in the postulated rnigratory sub-population (Walker 1972, Brethes et al. 1994). 
As during winter the animals are forced to withdraw from the then frozen intertidal, they 
may migrate back into the sublittoral in autumn (Walker 1972, Shabica 1976, Brethes et al. 
1994), thereby increasing the grazing pressure On sublittoral algae. Low air temperatures 
are considered to be the essential trigger for this downward migration (Walker 1972). 
However, Nacella concinna is the prime prey of the kelp gull Larus dominicanus 
(Hedgpeth 1969, Shabica 1976, Castilla and Rozbaczylo 1985, Favero et al. 1997, 1998, 
Silva 1999). Hedgpeth suggested that the limiting factor for the intertidal occurrence of N. 
concinna may be predation by gulls rather than ice abrasion. 
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Nacella concinna spawns once a year during the Austral surnmer in the shallow sublittoral 
with external fertilisation (Shabica 1971, 1976, Picken 1980, Picken and Allen 1983, 
Brethes et al. 1994, Stanwell-Srnith and Clarke 1998). Spawning coincides with raising 
water temperature (Shabica 1971, Picken 1980, Picken and Allen 1983, Brethes et al 1994) 
and may be related to increasing spring food availability (Brethes et al 1994, Stanwell- 
Smith and Clarke 1998). Judging from this, reproduction in the intertidal seems to be 
improbable. Whether this is true, is not known. Assuming that it is true, a further question 
would be, whether animals living in the intertidal may not become fertile, or whether they 
migrate back to the sublittoral for reproduction. 
Questions 
In this study, I attempted to answer the following main questions: 
When and where do which marine algae occur in the Antarctic intertidal? 
Which factors (physical vs. biological disturbance) are important for controlling the 
distribution and abundance of intertidal algae? 
Which factors control the population structure of Nacella concinna? 
How can the fluctuation of food availability influence the life history of Nacella 
concinnal 
Approach and outline of thesis 
To answer the first and second question I followed the phenomenology of the intertidal 
marine organisms during two austral Summers and one austral winter (Chapter 3). In 
addition, the distribution and abundance of the intertidal algae and Nacella concinna were 
quantified in a selected intertidal area. In order to answer the second question these 
quantified data for the intertidal algae were related to the occurrence of the physical (ice 
impact) and biological (grazing by N. concinna) disturbances. To answer the third question 
I described seasonal changes in the population structure of the intertidal Nacella concinna 
(Chapter 4). In addition, this chapter provides the migratory behaviour of N. concinna and 
predation by kelp gull Lurus dominicanus, which may be a key factor for maintaining the 
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population structure of the intertidal limpet population. Finally, the reproduction of 
Nacella concinna in relation to food availability is treated in Chapter 6.  General 
conclusions integrating the results of this and other studies and an outlook on further 
directions are provided in Chapter 7. 
2. Study area 
Chapter 2 
Study area 
Geographical situatwn und topography 
King George Island is the largest island of the South Shetland Islands, which is situated 
approximately 100 km from the Antarctic Peninsula. The study area is about 2.5 km from 
the Korean research station (King Sejong, 62' 13'S, 58' 47'W) on Barton Peninsula 
which is situated at the north-eastern side of Maxwell Bay, one of two large fjords in 
King George Island, facing south-easterly to Bransfield Strait. Two tributary basins, 
Marian and Potter Cove, are situated in both sides of Barton Peninsula. Most part of this 
study was performed on the south-west tip of Barton Peninsula, which is moderately 
exposed to the oceanic swells and wave action from the Bransfield Strait. It was chosen 
for this study because the shore is typical of the range from volcanic rock platforrns to 
vertical cliffs in the area while the greater part of the coast at Barton Peninsula is pebble 
or sandy beach (KORDI, 1988). 
Hydrography of Maxwell Bay 
The general hydrography of the Maxwell Bay is well understood through fairly extensive 
studies (Heywood 1985, Chang et al. 1990). In the Bransfield Strait two distinctive water 
masses appear at the surface: relatively warm, less sahne water masses originating from 
the Bellingshausen sea and colder, more saline water from the Weddell Sea. Maxwell 
Bay is a fjord characterised by a deep sill and relatively small arnount of freshwater input. 
Because Maxwell Bay Opens its mouth directly to the Bransfield Strait, surface water 
originating from the Bellingshausen sea enters into the southem side of the bay, from 
Bransfield Strait, and flows in a couple of tributary bays (Colins Bay, Marian Cove, 
Potter Cove) of the northem side before flowing out of the bay. 
2. Study area 
Zce condition 
Sea-ice forrnation is highly variable at King George Island, due to its position at the edge 
of the WeddelUScotia Confluence Zone (Murphy et al. 1995, Kang et ai. 1997). In 1989, 
1983 and 1996 no persistent ice Cover occurred in Marian Cove and Maxwell Bay (Kang 
et ai. 1997). In the winter 1997, sea-ice covered Marian Cove, Potter Cove and a part of 
Maxwell ÃŸa from July to September. An ice foot formed in the intertidal and 
disappeared later than the sea-ice. Floating ice occurred in summer and was less 
Fig. 2.1. Map of the study area. A: Sites for transect and descriptive studies. B: Sampling site for the 
regurgitated pellets by the kelp gulls. 
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biological and physical disturbances On the distribution and abundance of the intertidal 
algae, a quantitative study was conducted in a selected intertidal area. By exarnining the 
influence of ice impact, the distribution and abundance of intertidal algae were related to 
the various types of disturbance. Biological disturbance was studied as a correlation 
between Nacella concinna densities and the percentage Cover of algal species. 
Furthermore, to quantify variation between years, I compared the phenology of two 
vegetation periods, the surnmer of 1996197 and 1997198. 
Material and methods 3. Seasonality of intertidal marine algae and grazers 
3.2. Material and methods 
Zce disturbance 
In the Maxwell Bay and Marian Cove, formation and presence of sea ice and ice foot were 
documented during the study period. After the formation of fast ice, holes were cut in the 
ice in the intertidal and disturbance by the ice foot was recorded. In order to measure the 
probability of disturbances of ice scouring, 50 nails were embedded into 40 X 20 X 2 cm 
(thick) wooden plates, which were installed at two different intertidal levels (at M.L.W.N. 
and M.H.W.N.). Each nail stood approximately 2 cm high. After two days the bent and 
missing nails were counted and recorded as "nail mortality" (compase with Dayton 1971). 
The measurements were carried out during spring tides only. 
Vertical distribution of intertidal algae arid grazers 
The study was camed out during two austral Summers and one austral winter, from 
November 1996 to March 1998. Two sites (a horizontal, flat rocky shore and a vertical 
cliff) were selected for the descriptive studies. Algae and invertebrates were collected, their 
vertical positions and relative abundances were recorded. The organisms were presemed in 
formalin for identification. Colour photographs were taken and later used to check the 
levels reached by characteristic organisms. 
One rniddle intertidal rocky platform was selected where quadrat sampling was performed 
for the quantitative survey of seasonal Patterns of distribution of algae and limpets. At the 
end of November 1996, seven stations along a transect line in a distance of 4 m were 
masked perpendicular to' the water from mean low water neap tide (M.L.W.N.) to mean 
high water neap tide (M.H.W.N., representing Station 1 in tables and figures) just above the 
upper limits of limpets in summer. Within each of these stations, a series of randornly 
placed, replicate quadrats was sampled within 5 m on either side of the transect. 
3. Seasonality of intertidai marine dgae and grazers Material and methods 
A 50 X 50 cm quadrat was used for the counting of Nacella concinna. This procedure was 
replicated 8 times at each station from December 1996 to October 1997 and again 32 times 
from November 1997 to February 1998. Point quadrat sarnpling (Foster et al. 1991, Fig. 
3.1 a) was performed in order to determine percentage cover of macroalgae. This 
procedure was replicated 6 times at each station during the first summer and 8 times during 
the second summer. Two 40 X 40 X 0.7 cm (thick) plexiglass plates were held parallel by 
three stainless legs. The plates were perforated by a grid of 100 holes. The holes were 4 
rnrn in diameter, spaced at 3 cm intervals in a 30 X 30 cm area within the plate. The percent 
cover of algae was estimated by passing a sharpened, 4 rnrn diam. stainless steel rod 
through the upper and lower hole. The rod passed through the holes of two parallel plates 
(a) Point quadrat 
Adjustable leg 
(b) Primary, canopy and understory space 
filamentous algae 
H H -3 
Fig. 3.1. Construction of point quadrat (a), and diagrammatic view (b) of canopy (1), understory (2) and 
primary space (3). 
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and did not move horizontally. Thirty holes were chosen at random for the percent cover of 
algae. Each alga which was contacted by the tip of the rod was recorded. When layering 
occurred, upper layers were recorded at first, then moved aside, and the rod lowered down 
to the next contact and so forth, so the multiple contacts under a single point of different 
taxa (canopy-understorey space). The primary space, such as holdfasts of macroalgae, bare 
rock and diatom film, was recorded (3.1 b). Total cover, the sum of the cover of ail taxa, 
thus could exceed 100. Rock-pools, however, were not sampled. Whenever a pool deeper 
than 20 cm was encountered, quadrats were moved sideways from the line of the transect 
to avoid it. 
To compare the disturbance of ice scouring between the different months or the different 
sites, non-parametric methods of analysis were used because the variantes of "nail 
mortality" were unequal after the angular transformation; the Mann-Whitney U test for the 
difference between the upper and lower intertidal and Kruskal-Wallis Test for the 
difference between the different months. 
All statistical comparisons of percent cover data were performed on values normalized 
with an arcsine transformation (Sokal and Rolf 1969). After data from station 1 to 7 were 
pooled, one-way ANOVAs (effect: month, 11) On percent cover were employed for the 
seasonal changes in the intertidal algae and bare space. Furthermore, the data of primary 
space of Adenocystis utricularis and Iridaea cordata from December to February were 
analysed with a three-way ANOVA (effect: year, month, station, 2 X 3 X 7) because of their 
regular occurrence. Two-way ANOVA (effect: month, station, 11 X 7) was performed for 
the seasonal and vertical change of Nacella concinna. Post-hoc comparisons were done 
according to Tukey-Kramer and with mean comparisons (t-Test). 
To exarnine the effect of ice foot On the intertidal algae, the primary spaces of Adenocystis 
utricularis and Iridaea cordata at the ice foot Zone (Station 1 to 4) and the Zone below the 
ice foot (Station 5 to 7) were compared before the formation (May 1997) and after 
receding of ice foot (October 1997) by a two-way ANOVA (effect: ice foot, Zone, l X 1). 
3. Seasonality of intertidal marine algae and grazeis Material and methods 
For the effect of grazing on the intertidal algae, linear regressions between density of 
Nacella concinna and primary space of intertidal algae were performed. Data of Nacella 
concinna were log-transformed (log (X +I)). 
Results 3. Seasonality of intertidal marine algae and grazers 
3.3. Results 
3.3.1. General patterns of distribution in the intertidal 
General patterns of distribution and seasonal occurrence of macroalgae are summarised in 
Figure 3.2. In general, in the rocky intertidal of Barton Peninsula perennial macroalgae and 
sessile animals were absent, except for the lowest intertidal. The distribution of organisms 
in the intertidal could be divided in three major zones. 
The UD-per intertidal was characterised by disturbance of ice foot and ice scouring. Grazers, 
such as Nacella concinna and Naevilittorina sp., were absent. In general, on the flat shore 
macroalgae were absent and bare space was very abundant. On the vertical rock (Fig. 3.3) 
there was a Zone predominantly occupied by the red alga Porphyra endiviifolium with 
filamentous algae, such as Urospora penicilliformis, Ulothrix sp. and Bang ia  
atropurpurea, whose distribution extended down into the middle intertidal. Enteromorpha 
sp. together with diatoms occurred in rock pools and crevices in the upper intertidal belt. 
The middle intertidal was most disturbed by a high spatial and temporal variability. On 
vertical rocks, filamentous algae occurred in the whole middle intertidal in spring, but 
rapidly disappeared during summer. On the flat shore (Fig. 3.4) the green algae 
Monostroma hariotii and filamentous green algae spread very quickly as soon as the ice 
foot disappeared in spring. The red alga Palmaria decipiens inhabitated the rock pools. In 
the lower part of the middle intertidal, thalli of Adenocystis utricularis and Iridaea cordata 
were growing occasionally in rock crevices and at edges of the shallow pools. In January, 
the green alga Acrosiphonia arcta was observed in the region which was undisturbed by 
grazers. The macroalgal grazer, Nacella concinna, migrated in this Zone and grazed on 
green algae during summer (Fig. 3.5). In addition, numerous small gastropods, e.g. 
Naevilittorina sp., inhabited crevices depressions, whereas turbellarians were situated 
under boulders and in shallow pools. 
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Fig. 3.2. Seasonal changes (a) and vertical distribution (b) of intertidal marine algae at King George Island. 
Results 3. Seasonality of intertidal marine algae and grazers 
The lower intertidal was characterised by the absence of ice foot in winter and occurrence 
of Nacella concinna throughout the year. Adenocystis utricularis and Iridaea cordata 
mainly were observed all year round. The annual green alga Monostroma hariotii and the 
red aiga Palmaria decipiens were found occasionally in summer, but not in high quantities. 
A few sessile species, the hydrozoan Silicularia rosea and some molluscs, attached to the 
sides of boulders. In the lowest part of the intertidal the macroalgae Ascoseira mirabilis, 
Gigartina skottsbergii, Phaeurus antarcticus and Desnzarestia sp., occurred in rock pools 
and extended down to the sublittoral. 
Fig. 3.3. Spring bloom of Porphyra endiviifolium with filarnentous algae in the upper intertidal on vertical 
rock. 
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Fig. 3.4. Spring mass bloom of Adenocystis utricularis. Monostroma hariotii and Palmaria decipiens in the 
mid-intertidal of a flat shore. 
Fig. 3.5. Grazing of Nacella concinna on filamentous algae. Arrow indicated border beween grazed (below) 
and ungrazed (above) surface. 
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3.3.2. Seasonal changes of distribution in the middle intertidal 
3.3.2.1. Ice disturbance 
An ice foot was formed in the intertidal from July to September, but its duration and 
extension varied with the profile of the substrate. On a steep shore it extended from 
extreme high water spring tides to extreme low water spring tides, covering the whole 
intertidal (Fig. 3.6). On a less steep shore in the intertidal a lot of pancake ice was beached, 
remaining gaps were covered by snow (Fig. 3.7). The size of beached pancake ice 
depended on the tidal level and increased from upper to lower intertidal (about 2 - 3 m 
height at sampling site). As a consequence, in the lower intertidal (at Station 5, 6 and 7) 
there were nets of ice tunnels in between the pancake ice which were connected to the sub- 
littoral, while ice encased the whole surface of the upper intertidal. 
Ice scouring by floating ice occurred only in summer. The experiment of nail "mortality" 
(Fig. 3.8) showed that ice scouring by floating ice varied with season (Kruskal-Wallis Test, 
P < 0.001). Ice scouring was severe just before and after the formation of fast ice, whereas 
Fig. 3.6. Ice foot on a vertical rock 
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it was less from December to February. The upper part of the mid-intertidal was 
significantly more disturbed by ice scouring in comparison to the lower part of the rnid- 
intertidal (Mann-Whitney U test, P < 0.001). Thus, the disturbance by ice foot and ice 
scouring showed high seasonality and variation in tidal levels. 
Fig. 3.7. Pancake ice on a flat shore. 
Feb Mar Apr Jul Aus Sep Oct Nuv Dec Fan Feh 
1997 1998 
Fig. 3.8. Percentage "mortality" of nails by ice scouring with numbers of replicates from January 1997 to 
February 1998. Vertical bars represent one standard error. n: total number of wooden plates. 
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3.3.2.2. Density and distribution of Nacella concinna 
Nacella concinna entirely disappeared from the intertidal in winter and recolonised again 
in summer, indicating seasonal rnigration. If the data of density from Station 1 to 7 are 
pooled, the mean density in the intertidal varied from 0 in July 1997 to 47 Â 3.2 ind. 1 m2 in 
February 1998 (Fig. 3.9). The maximal mean density was 129 Â 49.5 SE ind. 1 m2, found at 
station 4 in February 1997. 
Fig. 3.10 shows the seasonal changes in the vertical distribution of N. concinna. Upward 
migration began just after receding of the ice foot in October and mean density rapidly 
increased until January. From January to February, mean density did not change (r l , l lo  = 
0.064, P > 0.05 in the first summer; rl,446 = 1.009, P > 0.05 in the second summer). From 
D J F M A M J J A S O N D J F  
Month 
Fig. 3.9. Seasonal changes of mean densities with Standard error of Nacella concinna in the middle 
intertidal of King George Island from December 1996 to February 1998. 
Fig. 3.10 (next page). Seasonal changes of vertical distribution of Nacella concinna and ice Cover in the 
middle intertidal of King George Island from December 1996 to February 1998. Density with one Standard 
error of Nacella concinna. Station 1 is situated at M.H.W.N. and station 7 at M L W N . .  
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April onward, limpet numbers decreased until no limpets were found that were air exposed 
at low tide at the end of May. During the formation of ice foot in winter, Nacella concinna 
occasionally rnigrated upwards, depending on weather condition and stretch of ice foot in 
the intertidal (e.g. August in Fig. 3.10). At the study site, the upper lirnit of the distribution 
of Nacella concinna was higher in the second summer (station 2 in December 1997) than 
in the first surnrner (station 5 in December 1996). Although more limpets, on the whole, 
migrated in the first summer than in the second summer, there was no significant 
difference in the mean densities between the two Summers (t1,278 = 0.986, P > 0.05 in 
January; ti,ng = 1.182, P > 0.05 in February). 
3.3.2.3. Marine algae and bare space 
The mean number of algal species was low. In only two sarnpling periods (December 1996 
and January 1997) the number of species exceeded four per quadrat and this occurred only 
at station 3 and 4. Except for Adenocystis utricularis and Iridaea cordata, most algae 
occurred only in the first Summer, and their distribution was restricted to the rniddle and 
upper part of the sarnpling area. A. utricularis, I. cordata and Porphyra endiviifolium were 
observed just before the formation of ice foot, whereas the other species entirely 
disappeared earlier from the intertidal. Patterns of allocation of primary and canopy- 
understorey space over the whole period of this study showed large variations with season 
(Table 3.1 and 3.2). 
Bare soace is very abundant along the studied transect, but it varied with months and tidal 
levels. Bare space tended on the whole to be less abundant in spring and to increase in the 
Course of summer (Table 3.2). In the surnmer 1996197, bare space usually attained values 
over 80 % at the lower part of the transect, but it was strongly reduced with increasing tidal 
levels (Fig. 3.1 1). Bare space increased from April 1997 and values higher than 70 % along 
the whole transect were recorded. In comparison to the first summer, a negative 
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Table 3.1. Monthly changes of canopy-understorey space in the summer 1996197 (a) and 1997198 (b). Data 
were pooled from station 1 to 7 and analysed with one-way ANOVA. The table shows the mean percentage 
cover and its standard error. All data were transformed by the angular transformation. 
(a) Summer 1996197 
Month Dec. 96 Jan. 97 Feb. 97 Apr. 97 May. 97 F, 4 d.f, 
No. quadrats sarnpled 42 42 42 42 42 
Adenocystis utricularis 17.1 k2.0 1 8 . 0 ~ 2 . 3  18.7k2.6 15.6k2.1 10.721.7 2.2 ns 
Iridaea cordata 11.222.4 3.2Â 1.2 3.5Â 1.3 2.32 1.0 3.82 1.2 5.8 *** 
Palmaria decipiens 12.2 Â 2.5 3.8 Â 1.0 1.0Â 0.5 0 0 17.6 *** 
Monostroma hariotii 30.624.1 15.9k2.0 9.2k1.7 2.8k0.9 0 30.6 *** 
Acrosiphonia arcta 0 3.7k1.2 3.6Â±1. 2.821.0 0.3k0.3 4.8 *** 
Porphyra endiviijolium 0 0.3 Â 0.3 0.7 20.5 6.8 Â 1.7 1.8 20.7 10.5 *** 
(b) Summer 1997198 
Month Oct. 97 Nov. 97 Dec. 97 Jan. 98 Feb. 98 F, 4 d.f, 
No. quadrats sampled 56 56 56 56 56 
Adenocystis utricularis 5.5 Â 1.2 7.2 Â 1.4 8.3 Â 1.7 9.1 Â 1.6 10.6 Â 1.7 1.6 ns 
Iridaea cordata 7.0k1.4 6.9k1.5 5.3Â±1. 5.3k1.3 5.5Â±1. 0.4 ns 
Monostroma hariotii 0 0.2 Â 0.2 0 0 0 1.0 ns 
* denotes significance P < 0.05; ** P < 0.01; *** P < 0.001; ns not significant, P > 0.05. 
Table 3.2. Monthly changes of prirnary space in the surnmer 1996197 (a) and 1997198 (b). Data were pooled 
from station 1 to 6 and analysed with one-way ANOVA. The table shows the mean percentage cover and its 
standard error. All data were transformed by the angular transformation. 
(a) Summer 1996197 
Month 
No. quadrats sampled 
Adenocystis utricularis 
Iridaea cordata 
Palmaria decipiens 
Monostroma hariotii 
Acrosiphonia urcta 
F + D  
Bare space 
Dec. 96 
42 
15.9 Â 1.9 
5.1 Â 1.3 
2.7 Â 1.0 
9.1 Â 1.8 
0 
24.2 Â 4.7 
45.7 Â 3.4 
Jan. 97 
42 
14.1 Â 2.0 
1.9 Â 0.8 
0 
1 .O Â 0.6 
3.0 Â 0.9 
32.1 Â 4.6 
45.6 Â 3.8 
Apr. 97 
42 
11.92 1.8 
1.6 Â 0.7 
0 
0.8 Â 0.4 
2.5 Â 0.9 
8.8 Â 2.0 
69.8Â 2.3 
May. 97 
42 
9.1 Â 1.6 
1.5 Â±0. 
0 
0 
0.3 Â 0.3 
0 
79.5 Â 1.6 
(b) Summer 1997198 
Month Oct. 97 Nov. 97 Dec. 97 Jan. 98 Feb. 98 F, 4 d.f. 
No. quadrats sampled 56 56 56 56 56 
Adenocystis utricularis 2 . 4 ~ 0 . 8  2.6k0.8 4.82 1.0 4 . 8 ~  1.0 5.221.0 2.2 ns 
Iridaea cordata 3.0k0.8 3.120.8 4.1Â±0. 3.8k0.9 3.9k1.0 0.3 ns 
Diatoms 39.2 Â 2.7 22.7 Â 2.5 0.4 Â 0.3 0 0 114.0 *** 
Bare space 49.2Â±2. 64.4k2.6 82.52 1.3 83.02 1.3 82.3Â 1.3 57.2 *** 
* denotes significance P < 0.05; ** P < 0.01; *** P < 0.001; ns not significant, P > 0.05. 
F + D: filamentous algae and diatoms 
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Fig. 3.1 1. Vertical change of the intertidal algae and bare space in the middle intertidal of King George Island 
from December 1996 to February 1998. Percentage Covers with one standard error of primary space. Station 
1 occurs in M.H.W.N. and station 7 in M.L.W.N.. *: diatom film only from October to November 1997. 
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relationship between bare space and tidal levels was recorded in October 1997. From 
December 1997, however, it rapidly expanded aiong the whole transect and reached values 
over 90 % of the primary space. In compare to the first summer, bare space was 
remarkably abundant during the second Summer. 
The fluctuation of filamentous aleae and diatom film seems primarily to be responsible for 
the variation of bare space. In the summer 1996197, filamentous algae (Bangia 
atropurpurea and Urospora penicilliformis) together with diatoms, occupied On average 
more than 90 % of the primary space in the upper part of the sampling area (Fig. 3.1 1). 
Their lower limits moved upwards until February 1997, although the percentage Cover 
increased constantly. After a peak in February filamentous algae gradually disappeared. On 
the other hand, the filamentous algae were not observed during the summer 1997198. In 
October 1997, the diatom film occurred in the whole intertidai, but entirely disappeared in 
December. 
Monostroma hariotii appeared in the intertidai just after receding of ice foot at the end of 
October 1996. M. hariotii grew fast and its length reached Ca. 20 cm in January. The 
distribution of M. hariotii extended over the whole transect in December 1996, but the 
maximum abundance was recorded at the middle level of the sampling area (mean primary 
space = 18.9 % and mean canopy-understorey space = 91.7 %, Fig. 3.12 and 3.13). The 
abundance decreased despite an unchanged distribution from January to April. M. hariotii 
completely disappeared before the formation of ice foot in May 1997 (Fig. 3.12). In the 
summer 1997198, a few of smail germlings were observed in low intertidal pools in 
November but entirely disappeared in December. 
Palmaria deciuiens occurred together with Monostroma hariotii in the early summer and 
its length reached over 40 cm in December 1996. The abundance was greater at the middle 
level of the sampling area in December 1996 (mean primary space = 5.5 % and mean 
canopy-understorey space = 48.9 %, Fig. 3.12 and 3.13) and it declined rapidly. The 
distribution of intertidal P. decipiens seems to be restricted only in intertidal pools or in the 
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Fig. 3.12. Seasonal change of Porphyra endiviifolium, Palmaria decipiens, Monostromu hariotii and 
Acrosiphonia arcta in the middle intertidal of King George Island from December 1996 to February 1998. 
Percentage Covers with one standard error of canopy-understorey space. Station 1 is situated at M.H.W.N. 
and station 7 at M.L.W.N.. 
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Fig. 3.13. Vertical distribution of Monostroma hariotii, Palmaria decipiens, Porphyra endiviifoliurn and 
Acrosiphonia arcta in the rniddle intertidal of King George Island from December 1996 to May 1997. They 
did not occur in the summer 1997198. Percentage Covers with one standard error of canopy-understorey 
space. Station 1 is situated at M.H.W.N. and station 7 at M.L.W.N.. 
Results 3. Seasonality of intertidal marine algae and grazers 
meist mat of M. hariotii. P. decipiens entirely disappeared from the intertidal before April 
1997 and it was not observed during the second summer. 
Distribution of Porphvra endiviifoliurn is usually restricted only in the upper intertidal. In 
January 1997, however, small blades of P. endiviifoliurn grew in the upper part of sampling 
area (Fig. 3.12 and 3.13). P. endiviifoliurn was present just before the forrnation of the ice 
foot, but it was not observed after receding of the ice foot in October 1997. In the summer 
1997198, although P. endiviifoliurn grew in the upper intertidal of a vertical cliff, it was not 
observed in the transect. 
Acrosiphonia arcta were first Seen in the upper part of the sampling area in January 1997 
(Fig. 3.12 and 3.13). Distribution of A. arcta was restricted to the upper part of the 
sampling area and its percentage cover rarely exceeded 15 % of canopy-understorey space, 
A. arcta disappeared in May 1997 and did not return in the surnrner 1997198. 
Adenocvstis utricularis was present during the whole period of sampling (Fig. 3.14 and 
3.15). Neither during the Summer 1996197 nor during the Summer 1997198 there were 
significant differences in its percentage cover between months (Table 3.1 and 3.2). It was 
also observed under the fast ice in the lower intertidal where ice foot did not form during 
the winter 1997. A. utricularis probably developed directly from the microthalli after 
receding of the ice foot. The germlings of A. utricularis were observed at the end of 
November 1996 and at the end of January 1997. In the summer 1996197, A. utricularis was 
present over the whole transect. Percentage Covers were positively correlated with tidal 
levels in December 1996, but decreased in station 5 and 6 from January 1997 onwards. 
This distribution Pattern was constant until May 1997, although abundance decreased 
during autumn. In the summer 1997198 vertical distribution and abundance of A. 
utricularis were approximately constant during the sampling period. 
The data of primary and canopy space of Adenocystis utricularis were analysed with a 
three-factor ANOVA (year, month and zonej because of their regular occurrence during 
the sampling period (Table 3.3). There were no significant differences between the months 
from December to February, whereas the percentage cover of the first summer was 
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Fig. 3.14. Seasonal change of Adenocystis utricularis andiridaea cordata in the middle intertidal of King 
George Island from December 1996 to Febmary 1998. Percentage Covers with on standard error of canopy- 
understorey space. Station 1 is situated at M.H.W.N. and station 7 at M.L.W.N.. 
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Fig. 3.15. Vertical distribution of Adenocystis utricularis and Iridaea cordata in the middle intertidal of King 
George Island from December 1996 to February 1998. Percentage Covers with on standard error of canopy- 
understorey space. Station 1 is situated at M.H.W.N. and station 7 at M.L.W.N.. 
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intertidal during the winter 1997. A significant difference in primary and canopy- 
understorey space was found during the surnmer 1996197. After its abundance significantly 
decreased from December 1996 to January 1997, it did not change until May 1997. On the 
other hand, the abundance was approximately constant in the Course of the summer 
1997198. Percentage Covers of I. cordata were positively correlated with tidai levels. This 
disiribution Pattern was constant during the whole sampling period. 
The data of primary and canopy-understorey space of Iridaea cordata were analysed with 
a three-factor ANOVA (year, month and tidal level) (Table 3.3). There were no significant 
differentes in primary space, except between the tidai levels. Furthermore, there was no 
significant difference in primary space between the time before the formation and after 
Table 3.3. ANOVA of the effect of year, month and tide level on percentage cover (primary space) of 
Adenocystis utricularis and Iridaea cordata. Data only from December to February are used. All data were 
transformed by the angular transfomation. 
Source of variation d f Adenocystis Iridaea cordata 
utricularis 
MS F MS F 
Year (fust and second summer) 1 6746 111.49 *** 33 0.93 ns 
Month (from December to February) 2 21 0.34 ns 80 2.30 ns 
Year X Month 2 39 0.64 ns 55 1.57 ns 
Tide level (TL) 6 1704 28.17 *** 645 18.48 *** 
Yearx TL 6 459 7.59*** 50 1.42 ns 
Month X Level 12 173 2.87 *** 42 1.22 ns 
Year X Month X TL 12 204 3.36 *** 58 1.66 ns 
Residual 252 61 35 
* denotes significance P < 0.05; ** P < 0.01; *** P < 0.001; ns is not signif~ant, P > 0.05. 
receding of ice foot. Thus, I. cordata seems to show no seasonality or interannual 
variation. I. cordata inhabited the lower stations and its percentage cover and distribution 
were relatively constant during whole sampling period (Fig. 3.15). 
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receding of ice foot. Thus, 1. cordata seems to show no seasonality or interannual 
variation. I. cordata inhabited the lower stations and its percentage Cover and distribution 
were relatively constant during whole sampling period (Fig. 3.15). 
3.3.3. Effect of ice disturbance and grazers On the intertidal algae 
Zce disturbance 
For the effect of ice foot On intertidal algae, data of primary space of Adenocystis 
utricularis and Iridaea cordata were divided in the ice-foot Zone (station 1 - 4) and below 
the ice-foot Zone (station 5 - 7), and those were compared again before formation (May 
1997) and after receding of the ice foot (October 1997). The primary space of A. 
utricularis significantly changed during the formation of the ice foot (Fig. 3.16 and Table 
3.4). A significant interaction between time and zone, however, was found. The primary 
a. Adenocystis utricularis b. Iridaea cordata 
Ice-foot zone Below ice-foot zone Ice-foot zone Below ice-foot zone 
Before formation of ice-foot 
After receding of ice-foot i
Fig. 3.16. Effect of ice foot on Adenocystis utricularis and Iridaea cordata in the middle intertidal of King 
George Island. Percentage Covers with standard en-or of primary space. lce-foot zone: station 1 - 4; below 
ice-foot zone: station 5 - 7; before fonnation of ice foot: May 1997 and after receding of ice foot: October 
1997. Station 1 is situated at M.H.W.N. and station 7 at M.L.W.N.. 
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space of A. utricularis between station 5 and 7 did not change during the formation of the 
ice foot whereas the ice foot effectively reduced macroalgae between station 1 and 4. On 
the other hand, primary space of I. cordata did not change significantly during the 
formation of the ice foot. Between station 1 and 4, most of I. cordata disappeared before 
the formation of the ice foot. 
Table 3.4 ANOVA of the effect of the ice foot on primary space of Adenocystis utricularis and Iriduea 
cordata. Data are compared before formation (May 1997) vs. receding of ice foot (October 1997) and in the 
ice-foot Zone (station 1 - 4) vs. below the ice foot-zone (station 5 - 7). All data were transfonned by the 
angular transforrnation. 
-- - 
Source of variation df Adenocystis utricularis Iridaea cordata 
Time (before vs. after ice foot) 1 911.1 13.55 *** 68.6 2.89 ns 
Zone (below vs. in ice foot zone) 1 4.5 0.07 ns 551.5 23.22 *** 
Time X Zone 1 265.7 3.95 * 44.7 1.88 ns 
Residual 94 67.3 
* denotes significance P < 0.05; ** P < 0.01; *** P < 0.001; ns is not significant, P > 0.05. 
Grazers 
Linear regression between density of Nacella concinna and macroalgae was used in order 
to test the effect of grazing on macroaigae. A significant negative relationship between the 
density of N. concinna and the total primary space of algae (except for A. utricularis and I. 
cordata) was obsemed in the fust (? = 0.74, F = 78.04, P < 0.001) and the second surnrner 
(? = 0.43, F = 27.6, P < 0.001), respectively (Fig. 3.17). 
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Fig. 3.17. Linear regression between primary space of intertidal algae (except for Adenocystis utricularis and 
Iridaea cordata) and density of Nacella concinna in the rniddle intertidal of King George Island in the 
surnmer 1996197 (a: from December 1996 to April 1997) and in the summer 1997198 (b: frorn October 1997 
to February 1998). Data of percentage cover of primary space were transformed by the angular 
transformation and data of density of Nacella concinna were log-transformed. 
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3.4. Discussion 
In this chapter, I will discuss the temporal and spatial variation of main disturbances 
affecting intertidal marine algae at first. At the Same time, data on intertidal algae will be 
compared regarding the occurrence of disturbances. Eventually, I will discuss a general 
Pattern in vertical and seasonal distribution of the Antarctic intertidal algae. 
3.4.1. Main disturbances affecting intertidal marine algae 
In the rocky intertidal of King George Island most species of algae were annual and 
pseudoperennial except in the lowest intertidal (Fig. 3.2), and their density and distribution 
showed high seasonality (Table 3.1 and 3.2, and Fig. 3.12 and 3.14). Most macroalgae 
occurred only in summer, and disappeared from the intertidal before the formation of the 
ice foot in May, with the exception of Adenocystis utricularis and Iridaea cordata. The 
seasonality of macroalgae is primarily connected with the seasonal variability of the light 
regime in high latitudes (for a review see Wiencke 1996, Clarke 1988). Apart from the 
light regime, however, biological and physical disturbances can affect density development 
and distribution of intertidal macroalgae. Major physical disturbances were due to ice and 
included occurrence of ice foot and floating ice. An important source of biotic disturbance 
that can affect the abundance of intertidal marine algae is grazing by Nacella concinna. In 
this study those main disturbances showed high temporal and spatial variation (Fig. 3.18). 
3.4.1.1. Ice foot 
As physical disturbances, the ice foot formed in winter (from July to September 1997), 
whereas ice scouring caused by floating ice occurred in summer (Fig. 3.18 a). The duration 
and stretch of the ice foot depends on meteorological conditions, currents and substratum 
Discussion 3. Seasonality of intertidal marine algae and grazers 
profiles (Walker 1972). As observed in this study, on a steep shore the ice foot extends 
further down than on a less steep shore (Fig. 3.18 b). On a steep shore, sea water froze 
during low-water of the spring tides and covered the rock surface. On a less steep shore, 
pancake ice was beached and covered by snow, forming a network of ice tunnels between 
pancake ice in the lower intertidal. The ice tunnels, which were connected to the sub-tidal, 
protected the mid-intertidal Zone in winter. Those protected ice tunnels were also observed 
at Signy Island (Walker 1972) and in Arthur Harbour (Shabica 1972). In spite of a marked 
reduction in size and number of individuals, Iridaea cordata (Shabica 1972) and 
Adenocystis utricularis were observed in the lower intertidal (lower than station 5) under 
fast ice during the winter of 1997, although markedly reduced in size and number of 
individuals. 
The ice foot encases the rock surface and can freeze inhabiting biota (Ellis and Wilce 1961, 
Stephenson and Stephenson 1972). As the ice thaws, plants may be ripped off the 
substratum (Mathieson et al. 1982). As the ice foot broke out at the end of October 1997, 
bare rock was observed at station 1 and 2 only. In addition, a significant reduction of the 
abundance of Adenocystis utricularis between station 1 and 4 from May to October (Table 
3.4 and Fig. 3.17) suggests that ice foot is, among others, one important factor for upper 
limit restriction of this species. Except for A. utricularis, Iridaea cordata and Porphyra 
endiviifolium, however, most intertidal algae disappeared from the intertidal before the 
formation of an ice foot. The ice foot probably was not responsible for disappearance of 
most algae in auturnn (Fig. 3.12). 
The ice foot was only present in the upper intertidal during the winter of 1996, which was 
recorded as a warm year (mean temperature was about 1.3 Co higher than the mean of the 
last eight years from 1988 to 1995, Kang et al. 1997 and personal cornmunication with 
overwintering members), whereas it formed from May to October in 1997. The knowledge 
of life histories of some Antarctic macroalgae has been recently increased through 
successful Isolation and cultivation (Wiencke 1996). Because algal Spores lack a dormancy 
period, the macroalgae may be able to survive the harsh winter conditions as rnicroscopic 
forms (germlings, microtalli or filaments) (a "bank" of microscopic forms, Santelices 
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1990, Santelices et al. 1995). Thus, the availability of a local "bank" in a certain area is 
probably important in the development of macroalgae in spring. No information about the 
effect of ice foot On the "bank" is available. However, if "banks" of microscopic forms are 
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Fig. 3.18. Temporal (a) and spatial (b) variation of main disturbance (ice foot, ice scouring and grazing by 
Nacella concinna) in the intertidal of King George Island. 
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effectively disturbed by an ice foot in winter, the interannual variation of algal distribution 
in the middle intertidal would be linked in part to the formation of an ice foot. More studies 
on the influence of an ice foot on "banks" of microscopic forms in winter are needed. 
3.4.1.2. Ice scour 
Ice scour is caused by floating ice grounding and scraping On the substratum. It can 
effectively denude the substratum of plants and animals in the intertidal (e.g., McCook and 
Chapman 1991, Minchinton et al. 1997, Pugh and Davenport 1997). Floating ice originates 
from ice pieces breaking away either from glaciers, icebergs, or sea ice (Dinsmore 1972). 
The extent of damage to intertidal assemblages from scouring by floating ice is highiy 
variable (Fig. 3.18). This study shows clearly seasonal variation of ice scouring. The 
sampling area in Barton Peninsula is located far away from glaciers both in Potter and 
Marian Cove, so that ice pieces from the glaciers might occur less frequently than in those 
coves. Pancake ice and ice pieces that broke from sea ice severely disturbed the study area, 
but only just before formation and after breaking of sea ice, whereas disturbance was less 
intense from December to February (Fig. 3.8). Thus there was an opportunity for sorne 
ephernerai algae to colonise our sampling area in summer. On the other band, the reduction 
of rnacroalgae in autumn could be paxtly connected to the disturbance by floating ice. 
Apart from seasonal variation, disturbance by ice scouring can show a spatial variation 
(Fig. 3.18 b). The upper intertidal, at least on the flat shore where large numbers of small 
floating ice pieces were beached, was significantly more disturbed by the floating ice than 
the lower intertidal. It is likely that the residence time of disturbance by scouring of 
floating ice is much longer on the flat shore than on the vertical rock. Most macroalgae 
scarcely occurred at Station 1 and 2, with exception of filarnentous algae which rapidly 
spread and Porphyra endiviifolium and Acrosiphonia arcta, which colonised in January 
and February. 
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3.4.1.3. Grazing 
In contrast to shores in other parts of the world, where grazers occur all year round in spite 
of variability of abundance (e.g., May et al. 1970, Underwood 1981, Cubit 1984, 
Underwood and Jemakoff 1984), Nacella concinna migrates seasonally in the Antarctic 
intertidal (Fig. 3.10 and Fig. 3.18). The importance of algal-herbivore interactions 
influencing the structure of marine cornmunities is well known (see reviews by Lubchenco 
and Gaines 1981, Gaines and Lubchenco 1982, Hawkins and Hartnoll 1983). The limpet N. 
concinna is a herbivore, grazing on microphytobenthos (Shabica 1976, Brand 1980, Iken 
1995, Brethes et al. 1994), calcareous rhodophytes (Brand 1980) and seaweed (Ren 1995). 
Some evidence that the limpets selectively graze On filamentous, or membranous algae and 
benthic diatoms has been documented (Castenholz 1961, Nicotri 1977, Cubit 1984, Farre11 
1988, Kim 1997). A negative correlation between the density of limpets and percentage 
cover of diatom film and filamentous algae (Fig. 3.16) indicates effective grazing of 
limpets on those species. We found that the distribution of filamentous algae in the first 
summer was restricted to the upper parts of the sampling area. However, filamentous algae 
were able to grow in the lower intertidal (unpublished data by removal experiment of 
limpets at station 6). Furtherrnore, their lower limits moved upwards and coincided with 
the upper limits of the distribution of limpets, although the percentage cover of filamentous 
algae increased in the upper part of the sampling area until February 1997. Therefore, 
discrepancies in determination of the lower limits of filamentous algae (e.g., Delepine and 
Hureau 1963, Hedgpeth 1971, Rarnirez and Villouta 1984, Castilla and Rozbazylo 1985) 
could be related to seasonal rnigration and grazing of limpets. 
Since most intertidal macroalgae were ephemeral and appeared in spring and limpets have 
been known as effective grazers On macroalgal propagules (Underwood 1981, Jemakoff 
1983, 1985, see also Santelices 1990), migration of Nacella concinna in spring may have 
been important for the later distribution of macroalgae. The poor development of 
Monostroma hariotii and Palmaria decipiens between station 5 and 7, and of Adenocystis 
utricularis and Iridaea cordata at station 6 and 7 during the first sumrner (Fig. 3.13 and 
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3.15) could at least partially be explained by grazing on their propagules in spring. 
However, when macroalgae were well developed in summer, grazing by N. concinna on 
those algae seemed to be less severe. This finding should, however, be verified by 
enclosure experiments. In fact, there was no significant difference in the density of A. 
utricularis and I. cordata from December to May. Although the density of M. hariotii and 
P. decipiens were reduced during these periods, neither their distribution nor their lower 
limits changed. It is more likely that strong wave action and ice scouring that occasionally 
occurred during summer destroyed those species that grew over 20 cm in length at the end 
of December. 
A comparison of the vertical distribution of Nacella concinna between the two summers 
indicates that there is interannual variation of upward migration. Another possibility is that 
the upward migration could be delayed by high densities of macroalgae. Comparing the 
vertical distribution in December of the two summers, upper limits of limpets extended to 
station 2 in the second summer, while they reached station 5 only in the first Summer. It is 
likely that dense macroalgal Cover (e.g., 55.6 % of primary space in Zone 4 in December 
1996) was an obstacle that effectively prevented the further upward migration of limpets. 
Furthermore, limpets move further when food availability is low (Cubit 1984), so it is 
possible that there was no need to travel so far to obtain their quota of food in the first 
summer. Thus, the disturbance by grazing limpets seems to be an event that varies spatially 
and temporally. 
3.4.2. General patterns of vertical distribution 
Although there was a high seasonality and large interannual variation, a rough zonation of 
macroalgae was nevertheless recognisable. The results of this study are very similar to 
earlier descriptions of the shores of King George Island (Zielinski 1990, Petrov and 
Nikolaev 1984) and coincide with the observation of three intertidal fringes in Robert 
Island (Castilla and Rozbaczylo 1985). The upper intertidal is characterised by Porphyra 
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endiviifoliurn and Urospora penicilliformis, the middle by Adenocystis utricularis and 
Iridaea cordata and the lower intertidal fringe by lithothamnioid and some sublittoral 
macroalgae. 
In general, in the supralittoral Zone being free of ice and snow Prasiola crispa occurs 
during the Antarctic summer (Delkpine 1966, Zielinski 1990). On shores of the upper 
intertidal, there were no grazers such as Nacella concinna and Naevilittorina sp. On the 
other hand, the entire Zone was heavily disturbed by ice foot in winter for about four 
months in Maxwell Bay, but ice influence on the upper intertidal seems to have been rather 
constant with substrate profile and heterogeneity. One of the important disturbances that 
showed seasonal and spatial variation was ice scour caused by floating ice. The occurrence 
of Porphyra endiviifolium with filamentous algae in the upper intertidal and 
Enterornorpha sp. in the splash pools and crevices during summer coincide with many 
earlier observations (Hedgpeth 197 1, Petrov and Nikolaev 1984, Rarnirez and Villouta 
1984, Castilla and Rozbaczylo 1985, Stockton 1990, Zielinski 1990). Those may have 
grown only On the exposed steep rocky shore where they were confined to relatively 
protected cracks, while most of the upper intertidal was barren because of ice scouring. 
The middle intertidal Zone was heavily disturbed by ice foot during winter and floating ice 
during summer and those disturbances were temporally and spatially variable in this zone. 
The important grazer N. concinna migrated seasonally up to the middle shore. Beside 
Nacella concinna, at least two species of Naevilittorina inhabited this region which were 
very abundant in the crevices. Consequently, the density, assemblages and vertical 
distribution of macroalgae in this Zone showed high seasonality and large variation. In 
gen'eral, Iridaea cordata and Adenocystis utricularis grow scattered in the middle intertidal 
fringe. Their upper limits change from year to year, and are probably linked with the 
extension of ice foot in winter. The belt of filamentous algae in the upper intertidal 
extended to the upper Part of this zone, and their density and lower limits of distribution 
seemed to be changed due to grazing of N. concinna. The ephemeral alga M. hariotii and 
the red alga P. decipiens can rapidly spread into the middle intertidal during summer. We 
observed these species only on flat shores in the first summer. Consequently, their 
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occurrence and distribution in the middle intertidal seems to be confined by the extension 
of ice foot and grazing by limpets on propagules in spring. 
The lower intertidal fringe seems to be less disturbed by ice foot and ice scouring, at least 
in Maxwell Bay. However, limpets grazed throughout the year. In general, infralittoral 
fringe and lower tide pools were characterised by patchiness of perennial macroalgae, with 
few sessile animals (Silicularia rosea, Kidderia sp. and Lasaea sp.) and abundant grazers 
(Laevilittorina sp., Nacella concinna and some other gastropods). Most macroalgae were 
found all year round in sheltered areas and rock crevices where the floating ice is not able 
to cause damage, although their macrothalli reduced in winter. Macrothalli of some species 
of algae, such as the annual Phaeurus antarcticus, completely disappeared in winter. 
Lithotharnnioid algae inhabited the majority of the tide pools. Ephemeral algae such as M. 
hariotii and P. decipiens were found in surnmer only, but less abundant. The presence of 
N. concinna all year round at low levels on the shore might be associated with the poor 
development of some ephemeral algae. 
In Summary, in the Antarctic rocky intertidal most species of algae are annual and pseudo- 
peremial, and their density and distribution show high seasonality and large year to year 
variation. Seasonality and variation are primarily connected with seasonal variability of the 
light regime in high latitudes. Furthermore, disturbance by the ice foot, ice scouring and 
grazing vary spatially and temporally. Duration and extension of the ice foot may affect the 
spatial and temporal variation of vertical distribution of macroalgae in the middle 
intertidal. The abundance and spatial variation of macroalgae can be affected by ice 
scouring. N. concinna migrates seasonally from the sublittoral to the intertidal in summer 
and back in winter. Upward migration can be delayed by high densities of macroalgae. 
Density of filamentous algae and propagules of macroalgae may be regulated by grazing of 
N. concinna. Therefore, timing, intensity and duration of disturbance are important, 
especially for the initial colonisation of macroalgae, which might influence their later 
density and distribution. 
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Chapter 4 
Population structure of Nacella concinna 
4.1. Introduction 
Many intertidal limpets undergo vertical migration, which allow animals to regulate their 
spatial and temporal distribution to some extent and which sometimes manifests as 
intraspecific size differences at different tidal levels (Frank 1965, Haven 1971, Breen 
1972, Branch 1975 a, Hobday 1995). Several factors are considered to affect the migratory 
habits of limpets, such as avoidance of response to competition (Frank 1965, Branch 1975 
a), environmental changes (Lewis 1954, Frank 1965), predators (Phillips 1975, 1976) and 
food availability (Branch 1975 a, Cubit 1984). 
According to Walker (1972) the population of Nacella concinna at Signy Island consists of 
two sub-groups. One group migrates to the intertidal in spring and summer, and back to the 
sublittoral in auturnn. The other group remains in the sublittoral all year. The two groups 
can be distinguished by their shell morphology. The summer intertidal limpets have a 
larger heightrlength ratio and the shells lack epibiota (Walker 1972, Nolan 1991). Since the 
two sub-groups are genetically identical (Beaumont and Wei 1991), it has been suggested 
that environmentally induced, phenotypic changes are responsible for the differences 
between the two shell fo rm (Walker 1972, Nolan 1991). 
The kelp gull Larus dominicanus is known to be an important predator of intertidal Nacella 
concinna (Hedgpeth 1971, Shabica 1976, Fraser 1989, Favero et al. 1997, Favero and Silva 
1998, Cadie 1999, Silva et al. 1999). Information from both the Antarctic and sub- 
Antarctic indicates that kelp gulls select large limpet sizes (Branch 1985, Fraser 1989, 
Cadke 1999, Silva et al. 1999) and can modify the population structure. Previous data on 
consumption rates indicate that kelp gulls elirninate 10 - 14 % of N. concinna per year in 
the intertidal of King George Island (Silva et al. 1999) and about 20 % of N. delesserti per 
year at sub-Antarctic Marion Island (Blankley and Grindley 1985, Branch 1985). The gull 
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feeds predominantly in shallow water during spring low tide (Favero et al. 1997, Cadke 
1999). After the kelp gulls have ingested N. concinna, the shells are dropped as 
regurgitates. Shells too large to ingest are cleaned first, and then the flesh is consumed on 
higher places in the intertidal Zone (Shabica 1971, Favero et al. 1997, Cadee 1999). 
This chapter concentrates On population structure of Nacella concinna and possible factors 
that can control it. First, I will describe seasonal patterns in the population structure and 
some differentes between the intertidal and sublittoral population. In a next step, I also 
investigated the behavioural patterns that could maintain the population structure. In 
addition, I checked whether the kelp gulls select limpets of particular sizes. 
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4.2. Material and methods 
Population structure 
To sample Nacella concinna, the same stations and quadrats that were described in the 
Chapter 3.2 were used. From December 1996 to October 1997 and March 1998, limpets 
were collected on quadrats (3 to 8) until the number of limpets exceeded at least thirty at a 
station. From November 1997 to February 1998, all individuals were collected within 8 
quadrats at a station. During the winter, an additional sampling was conducted in a tidal 
pool near the transect. Furthermore, sublittoral limpets were collected from depths of 15 m 
and 20 m by SCUBA diving in February 1998. After the sex of each individual was 
determined, shell length, height and width were measured to Â 0.01 mm with Vemier 
Callipers. 
For statisticai analysis, data of station 8 were excluded because the sampling could not be 
performed every month. The correlation between the limpet size (shell length, mm) and 
tidai level (distance from station 7, m) was checked with a regression analysis. A two-way 
ANCOVA was used to deterrnine if the regression of shell length on tidal level differed 
among months and sexes. For the relationship between shell height (y) and shell length (X), 
data of individuais larger than 20 rnrn were used and a simple linear regression was used. 
This lower shell length limit was chosen following the observations of Walker (1972) of a 
change in the shell lengthlheight relationship being evident only in those animals over 20 
rnrn in length. To compare the relationships among the different habitats (intertidal and 
sublittoral) or sexes, a one-way ANCOVA was used. 
Migratory behuviour 
To determine the migratory Pattern of Nacella concinna, mark-recapture experiments were 
conducted from March 1997 to February 1998. For the seasonai pattem in migratory 
behaviour, one fixed Zone (zone 1) with an area of 30 m2 (6 m in the horizontal direction X 
5 m in the vertical direction) was established at M.L.W.S. in March 1997. The experiments 
were separatety performed in autumn, spring and summer. In order to compare the 
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migratory behaviour between the different tidal levels, one additional zone (zone 2) with 
the same area as Zone 1 was established at M.H.W.S. (the upper limits of limpets in 
summer) in November 1997. 
In order to test the hypothesis that individual rnigration could maintain the Pattern of size 
gradient On shore, the collected limpets were divided into two size classes; shell length 
between 23 and 25 mm, and shell length between 30 and 32 mm. All experimental limpets 
were collected from a tidal pool near the experimental area, since small limpets were not 
present in the intertidal at some seasons. In addition, to compare the migratory behaviour 
between the intertidal and sublittoral limpets, the sublittoral limpets of a shell size between 
30 and 32 mm were collected at 15 m depth and released in the intertidal in March 1997. 
All limpets were marked with a lettered plastic tag (5 X 5 mm) attached to the shell with 
epoxy resin. About 40 large and 40 small limpets were replaced in each experimental zone. 
The animals were released immediately after marking and sprayed with seawater for 10 
minutes to assist reattachment. This procedure allowed the subsequent positions to be 
recorded without disturbing the animals. The position of each animal was recorded, for the 
f i s t  time, at least 24 h after release. 
The positions of marked limpets were recorded using the method described by Underwood 
(1977). The distance from the centre of the shell to two nails driven into the rock in a 
distance of 1751 cm specified the position of each limpet. The distance and direction 
moved by a limpet over a period of time were calculated by coordinate geometry (upward 
movement: positive). The upldown axis was perpendicular to the shoreline. 90' was 
defined as straight up the beach (positive value); 270' was straight down (negative value). 
All measurements were perforrned during the ebb of the spring tides. After about 15 days 
from the initial record, the limpets marked were searched for and their distances to the two 
nails were measured. During this time frarne both neap and spring tides occurred. 
The directions and distances moved were analysed with a modified Rayleigh's test (Moore 
1980). Because the periods from releasing to recapturing the limpets were different, all 
data were represented by distances moved per day (speed: distances moved within an 
experimental period 1 experimental days). For the statistic, the vertical distances moved 
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were used, ignoring lateral movements because the Rayleigh's test indicated that limpets 
moved, in most cases, vertically. Since the variances of distances moved were unequal 
after logarithmic transformation, non-parametric methods of analysis were employed for 
the statistical test. To test the difference in the distances moved among the different 
seasons, Kruskal-Wallis test was used. The differences among two zones, two sizes, or 
between the intertidal and sublittoral limpets were tested by the Mann-Whitney U test. 
Predaiion of Larus dominicanus 
In order to determine the seasonal predatory press of kelp gull Larus dominicanus on 
Nacella concinna, the regurgitated pellets by the kelp gulls were studied from June to 
November 1997. The pellets were collected in a 1.2 km Stretch along the shore (Fig. 2.1 
B). At the beginning of June, all the deposited limpet shells in gull feeding piles were 
removed along the coast in about 10-m from M.H.W.S. (mean high water of spring tides). 
In this period, the whole of the beach was covered with snow, so that the freshly produced 
limpet shells could be easily found. Four weeks later a first collection was made of all 
newly deposited shells without separating pellets. After that the deposited limpet shells 
were collected once a week, separately in each pellet. In addition, to determine the size 
selectivity by kelp gulls on limpets, all living limpets were collected in shallow tidal pools, 
where the feeding by gulls was frequently observed, at the end of October. 
Fragments with apex only were counted from the collected limpet shells. Length, width, 
and height of the intact shells were measured to the nearest 0.1 mm, using a Vemier 
Calliper. In comparison to the height, the width of limpet shells was more significantly 
correlated with the length. In cases where the shells had been crushed, therefore, shell 
width was measured and shell length calculated from a regression of shell length (Y: mm) 
on shell thickness (X: mm): 
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4.3. Results 
4.3.1. Size distribution 
The size structure of the population was studied through the analysis of size frequency 
distribution and the regression analysis of shell length on tidal level. A total of 3,744 
individuals was obtained in the collections of the intertidal transect and the shell sizes 
ranging from 8 to 43.1 rnm. Mean size of Nacella concinna was 28.96 rnrn (Â 0.06 SE) and 
significantly varied with months (Table 4.1). Length-frequency distributions, however, 
were unimodal and homogeneous in each month (Fig. 4.1). Most individuals of the 
intertidal population (99.6 %, data from Station 1 to 7 only) were larger than 20 mrn shell 
length. 
The length-frequency distributions by tidal level were broadly overlapping, but showed 
increasing means at successively higher tidal levels. Thus, the shell size of N. concinna 
increased significantly with tidal level (Fig. 4.2 and Table 4.2). However, covariance 
analysis indicated that the shell size gradients of N. concinna on tidal level varied with 
month (Table 4.1). The slopes of regression were steeper at the beginning of the upward 
migration. 
Table 4.1. Full interaction of ANCOVA for the shell length (rnrn) vs tidal level (distance from Station 8, 
meter) with covariates time (month) and Sex. Time is fixed and level on shore is variable. Data only from 
Station l to 7 are used (excluding data of April 1997). 
Source of variation d f MS F 
Time (Month, T) 10 70.20 7.05*** 
Level on shore (meter, H) 1 1058.06 106.30*** 
T x H  10 52.91 5.32*** 
Residual 2940 9.95 
* denotes significance P < 0.05; ** P < 0.01; *** P C 0.001; ns is not significant, P > 0.05 
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Fig. 4.1. Frequency histogram of Nacella concinna in the intertidal. Pooled data from Station 1 to 7 (in April 
from Station 1 to 6 only). 
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Fig. 4.2. Linear regressions (line) of shell length of Nacella concinna (mm) vs distance from Station 1 (m). 
Vertical bars represent mean shell sizes of males and females with one standard error. 
Mean shell size of male limpets (29.33 Â 0.099 SE mrn, n = 1405) was significantly larger 
than the one of females (28.82 Â 0.08 SE rnm, n = 191 1) (Fig. 4.2 and Table 4.3). Since 
there was no significant interaction in terms of the Sex (Table 4.2), the mean shell length of 
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the males was, in most cases, larger at each tidal level than that of the females (Fig. 4.2). 
On the other hand, there was no significant difference in mean shell size between male and 
female limpets in the sublittoral population = 0.202, P > 0.05). 
Table 4.2. Regression equation of shell length (Y, mm) of Nacella concinna on tidal level (X, distance from 
station 8, m). 
Month n Regression equation r2 F 
December 1996 196 Y = 26.44 + 0.60 X 0.211 51.85*** 
January 1997 202 Y = 25.94 + 0.33 X 0.268 73.06*** 
February 1997 158 Y = 26.41 + 0.30 X 0.231 46.95*** 
April 1997 158 Y = 27.95 + 0.18 X 0.097 15.77*** 
May 1997 149 Y = 29.15 + 0.20 X 0.092 14.82*** 
August 1997 57 Y = 26.48 + 0.57 X 0.094 5.71 * 
October 1997 64 Y = 30.64 + 0.05 X 0.001 0.05 ns 
November 1997 338 Y = 27.60 + 0.35 X 0.237 104.15*** 
December 1997 581 Y = 26.78 + 0.25 X 0.218 161.33*** 
January 1997 737 Y = 25.94 + 0.20 X 0.162 143.28 *** 
February 1997 690 Y = 26.17 + 0.19 X 0.233 209.08 *** 
March 1997 414 Y = 25.81 + 0.22 X 0.262 146.61 *** 
* denotes significance P < 0.05; ** P < 0.01; *** P < 0.001; ns is not significant, P > 0.05 
Table 4.3. Full interaction of ANCOVA for the shell length (mrn) vs tidal level (distance from station 8, 
meter) with covariates time (month) and Sex. Time and sex are fixed, and level on shore is variable. Data 
only from station l to 7 are used (excluding data of April 1997). Interaction of time X level on shore X sex is 
not significant (P > 0.25) and hence not shown in the table. 
Source of variation df MS F 
Time (Month, T) 10 75.96 7.99*** 
Level on shore (H) 1 996.33 104.77*** 
Sex (S) l 149:80 15.75*** 
T x H  10 47.88 5.03*** 
T x S  10 14.64 1.5411s 
H x S  l 2.52 0.27ns 
Residual 2926 9.51 
* denotes significance P < 0.05; ** P < 0.01; *** P < 0.001; ns is not significant, P > 0.05 
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5.3.5. Sex ratio 
In Nacella concinna the sexes are separate. The sex ratio of intertidal limpets was 1:1.359 
(male:female, n = 3316), which is significantly different fsom 1:l (y2 = 7.39, P C 0.001). In 
loO 1 Ã¼e 1996 1 Nov 1997 
Jan 1997 
50 
Feb 1997 1 
, , nml * 0 .- U a 50 t/l 
1 Dec 1997 
1 Jan 1998 
1 Feb 1998 
75 - ** - ** 
50 - lÃ‘Ã 
n l  1 1 ,  I1 I  
lÃ‘ lÃ‘l 
loO 1 May 1997 1 M x  1998 
1 2 3 4 5 6 7 8  1 2 3 4 5 6 7 8  
Station 
Fig. 4.3. Vertical distribution of sex ratio (% females) in Nacella concinna. * denotes significant P < 0.05; 
**  P < 0.01; *** P < 0.001; ns is not significant, P > 0.05 difference from 50 % by (r'-test). 
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contrast to the intertidal limpets, the Sex ratio of sublittoral limpets was 1:0.981 
(male:female, n = 21 1; 2 = 0.015, P > 0.05). Females usually outnumbered males in the 
upper part of the intertidal, particularly at the beginning of migration. In contrast, the Sex 
ratios were approximately 1 : 1 in the lower intertidal (Fig. 4.3). 
Fig. 4.4 shows the sex ratio in each shell size class. For the intertidal limpets a definite bias 
exists with a significant tendency for the young population (between 20 and 30 mrn shell 
length) to be female. The maximum proportion of females was recorded in the limpets 
between 22 and 24 mm long. Beyond this point, the proportion of females decreased 
constantly and the limpets larger than 32 rnrn exhibited a bias to be male. On the other 
hand, the sex ratio of the sublittoral limpets did not differ from 50 % in all size classes. 
-.V . . . . . . * . . . .  
20 22 24 26 28 30 32 34 36 38 40 
Shell length (mm) 
Fig. 4.4. Sex ratio (% female) for 1 mm categories of adults of Nacella concinna. * denotcs significant P C 
0.05; ** P < 0.01; *** P C 0.001; ns is not significant, P > 0.05 differente frorn 50 % by tf-test). 
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43.2. Shell morphology 
The relationships between shell length and shell height (larger limpets than 20 mm shell 
length) are shown in Table 4.4 and Fig. 4.5. In neither the intertidal nor the sublittoral 
population, the relationships for males and females were significantly different (P > 0.05 
for slope and intercept). Therefore, in each case, relationships have been calculated for 
Table 4.4. Least Square regressions of shell length (nun) on shell height (nun). Only limpets larger than 20 
mm were used for analysis. X = shell length, y = shell height, n = number of individuals, 2 = coefficient of 
detennination, F = variance ratio (all p < 0.001). 
Regression equation n 2 F 
Intertidal 
Males Y = -6.013 + 0.546 X 1634 0.81 1 6995 
Females Y = -5.629 + 0.531 X 2181 0.801 8773 
Total Y = -5.812 + 0.538 X 3815 0.806 15862 
Sublittoral 
Males Y = -0.284 + 0.298 X 105 0.648 189 
Females Y = 4.612 + 0.260 X 103 0.634 175 
Total Y = 4.193 + 0.278 X 208 0.636 360 
Shell length (nun) 
Fig. 4.5. The relationship between shell length (nun) and shell height (mm) in the intertidal and sublittoral 
populations of Nacella concinna in February 1998. Data for individuals larger than 20 mm are used. 
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both Sexes combined. The slopes and intercepts of the relationships differ significantly 
between the intertidal and sublittoral limpets (P < 0.001). Thus, for an animal 30 mm in 
length, an intertidal individual will have an average height of 10.33 mrn, in contrast to 8.36 
mrn in a sublittoral individual. On the other hand, the relationship of intertidal population 
differs neither with time nor with tidal level (P > 0.05 for both slopes and intercept). 
Therefore, a clear distinction between the intertidal and sublittoral populations could be 
recognised and the shell morphology within the intertidal population was uniform. 
4.3.4. Migratory behaviour 
The Rayleigh's test indicates that Nacella concinna moved, in most cases, vertically up 
and down in the intertidal, whereas lateral movements were small compared to the vertical 
ones (Table 4.5). The experiments of the lower intertidal (zone 2) showed a seasonal 
Pattern of the migratory behaviour. In autumn, both large and small limpets exhibited a 
Table 4.5. Results of Rayleigh's test On movement of Nacella concinna. 
(a) Autumn: Zone 2 
Intertidai Sublittoral 
Large limpets Small limpets Large limpets 
D n d P  n d P  n d P  
26.03. - 06.04. 1997 11 18 3 *** 19 3 *** 18 3 *** 
(b) Spring and summer 
Zone 1 Zone2 
Large limpets Small limpets Large limpets Smail limpets 
D n d P n d P n d P n d P  
29. 11. - 12. 12. 1997 13 22 0 ns 21 3 *** 19 1 ** 23 0 ns 
16.01. - 28.01. 1998 15 24 0 ns 23 3 *** 29 0 ns 22 0 ns 
D: duration of experiment in days 
n: number of recaptured individuais 
d: directions moved (1: 315' - 45Â¡ 2: 45O - 135', 3: 135' - 225' and 4: 225' - 315'; 90' represents a 
landward perpendicular to the shore) 
* denotes significance P < 0.05; ** P < 0.01; *** P < 0.001; ns is not significant, P > 0.05 
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Fig. 4.6. Mean verticd distance moved of marked Nacella concinna per day. Verticd bars represent one 
SE. Large l i q e t s  (23 - 25 mm) and smail Iimpets (30 - 32 mm) of the intertidd population, and sublittord 
limpts (30 - 32 mm) were compared. Tbe experiment was conducted in M.H.W.S. (zone 1)  and M.L.W.S. 
(zone 2). 
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significantly downward movement (Table 4.5a and Fig. 4.6a). In spring, large and smaii 
limpets moved upwards (Fig. 4.6b), but a significant directional movement was found only 
for large animals (Table 4.5b), In Summer, a11 limpets moved more or less at random 
(Table 4.5b and Fig. 4 .6~) .  In the upper intertidal (zone I), large limpets moved at random 
during the spring and Summer, whereas small limpets showed a significant downward 
movement (Table 4.5b). 
A significant difference in the distance moved a day was found between the intertidal and 
sublittoral limpets (Mann-Whitney U-test, P < 0.001). The sublittoral limpets moved more 
rapidly downwards with a mean speed of 50 Cm a day, in comparison to intertidal limpets 
with a mean speed of 17 Cm a day. When the distances moved a day were compared 
between large and small limpets, significant differentes were found only for the 
experiment in the spring (Mann-Whitney U-test, all P C 0.05). In response to this 
migratory behaviour, the slopes of the size gradients On tidal level were steeper at the 
beginning of the upward migration (Chapter 4.3.1). 
4.3.5. Predation by kelp gull On Nacella concinna 
In order to examine whether Larus dominicanus selected the limpet size, the mean shell 
sizes of limpets from pellets and a shallow tidal pool were compared and a significant 
difference was found (ANOVA, P < 0.001). Fig. 4.7 shows the size composition of 
Nacella concinna eaten by kelp gulls compared with the size-frequency distribution of the 
natural population from and a shallow tidal pool. The gulls feed only limpets larger than 20 
m. 
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Fig. 4.7. The size-frequency distribution of Nacella concinna from pellets regurgitated by Lurus 
dominicanus, sampled from the intertidal Wansect, compared with those from a shailow tidal pool (feeding 
ground) in November 1997. 
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I will discuss the population structure of Nacella concinna at fust and compare, at the Same 
time, two populations of the intertidal and sublittoral limpets. In a next step, I will compare 
the migratoq Pattern of N. concinna to those of other intertidal gastropods. Finally, some 
differentes of the intertidal and sublittoral populations will be dealt with, 
4.4.1. Population structure 
The intertidal pop~lation of Nacella concinna had the following characteristics: (1) limpets 
smaller than 20 mm in shell size were almost absent (Fig. 4.1) and most individuals were 
adults, (2) limpets exhibited a distinct size gradient up the shore, and (3) there was a strong 
female-biased Sex ratio, especially in the young population. 
The absence of limpets with smaller shell size than 20 mm appears to be pnmarily 
concerned with the lack of larval settlement in the intertidal. There was no evidence that 
the recruitment of Nacella concinna directly took place in the intertidal. Neither On Open 
rocks nor in tidal pools small limpets were observed. In contrast, in very shallow but large 
tidal pools, where an ice foot was not formed, small lirnpets, including Spat, were observed 
dunng the austral winter of 1997. Thus, in spite of the occurrence in the intertidai, the 
small limpets of shallow tidal pools might be regarded as non-migrants because they could 
be observed al1 over the year. In the study area, furthermore, a gap between the 18 - 22 
mm size class was observed for the limpets in the shallow tidal pools (Fig. 4.7). Though far 
from proof, limpets between 18 - 22 mm size may be absent, probably because of failure 
of recruitment during specific years, and limpets under this size may be unable to tolerate 
the physical Stress of the intertidal (see below). Brethes et al. (1994) also observed a gap 
around 10 - 15 mm size of sublittoral limpets in the Antarctic Peninsula. 
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The intraspecific shore-level size gradient has been observed for many other intertidal 
gastropods (Vermeij 1972, Underwood 1979, Branch 198 1). The intraspecific size gradient 
has been explained by differential growth rates and density-dependent mortality at various 
tidal levels (Sutherland 1970, Vermeij 1972, Creese 1980 a, Quinn 1988 a), while the 
maintenance of these Patterns has been explained via active migration (e.g., Frank 1965, 
Bertness 1977, Hobday 1995). The upper limit of limpet distribution is thought to be 
restricted by the desiccation conditions, thermal stress and osmotic stress (Lewis 1954, 
Frank 1965, Vermeij 1972, Branch 1975 a, 1981, Sanders et a1. 1991, Marshall and 
McQuade 1992). According to this explanation for the upper limit, small limpets with high 
surface-to-volume ratios are at a disadvantage compared to large limpets, so small limpets 
may be restricted to lower levels, leading to a size gradient with increasing tidal level. 
In the case of N. concinna active migratory behaviour in connection to different tolerance 
of different limpet size to environmental stress may be the most feasible explanation for 
the size zonation exhibited because a vertical size gradient was established from the 
beginning of the upward migration (Fig. 4.2 and Table 4.2). This can be supported by a 
significant difference in vertical distances moved between small and large limpets of the 
mark-recapture experiment in spring. During the summer as well as autumn, however, 
there were no significant differences between small and large limpets. In response to this 
Pattern of migration, the slopes of the shell size gradients On tidal level gradually decreased 
during the summer (Table 4.2 and Fig, 4.2). 
The mean shell size of limpets eaten by the kelp gull Lurus dominicanus was smaller than 
that of the intertidal individuals, but larger than that of the shallow tidal pools (Fig. 4.7). 
Favero et al. (1997) observed in Potter Peninsula near this study area that the number of 
kelp gulls searching for limpets was inversely correlated with the tidal level. Kelp gulls can 
feed selectively only On large limpets in the lower intertidal (Fig. 4.7, Silva et al. 1999). 
Apart from the migratory behaviour, thus, predation of kelp gulls may be partly 
responsible for the establishment of size gradients of Naceliu concinnu. On the other hand, 
Hedgpeth (1971) discussed that predation by the kelp gull k r u s  dominicanus is a limiting 
factor for the intertidal occurrence of N. concinna. However, since kelp gulls usually feed 
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on N. concinna in shallow water during spring low tide (Favero et al. 1997, Cadde 1999) 
and N. concinna occurs up to the tidal level of mean high water spring (M.H.W.S.) during 
summer, the predation of kelp gulls does not explain the vertical distribution and the upper 
limits of N. concinna. 
Fretter and Graham (1964) showed that in most dioecious prosobranch molluscs females 
predominate, especially in older populations. A number of limpets are consecutive 
hermaphrodites, almost all being protandrous (first male, then female) (see review by 
Branch 1981). It has been suggested that if the female gains more in fecundity with an 
increase in size than the male does, then it will pay to be male first and then female 
(Branch 1981, Wright 1989, Creese et al. 1990, Warner et al. 1996). Furthermore, Morton 
(1991) suggested that a pronounced female bias is a means to optirnise reproductive 
success, by maximising resource allocation into more energy-demanding oogenesis, in 
temporally and spatially heterogeneous habitats. In this study, a significant female bias has 
been demonstrated for the intertidal Nacella concinna, especially in young population, 
whereas the ratio for sublittoral population was approximately 1 : 1. These results for 
intertidal N. concinna seem to be contrary to expectations because for most limpet species, 
males predominate in the smaller size classes and females in the larger size classes (Branch 
1981). In contrast to most limpet species, however, N. concinna does not change its sex 
(Shabica 1976). In the case of N. concinna, therefore, the preponderance of females in 
intertidal population may be explained only by the migratory behaviour. The bias to be 
female for intertidal N. concinna may be a local adaptation to heterogeneous habitats for 
optirnising reproductive success. 
4.4.2. Seasonal pattern of migratory behaviour 
The seasonal changes in vertical distribution (Chapter 3) and the mark-recapture 
experiment (Fig. 4.6) clearly demonstrate seasonal migration of Nacella concinna. N .  
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concinna usually stayed below mean low water neap tide during winter, although upward 
migration occasionally could be observed during the formation of the ice foot. Upward 
migration into the intertidal began just after receding of the ice foot at the end of October 
and reached its maximal extension in February. After active upward migration, limpets 
moved more or less at random. Downward migration in autumn started before the 
formation of the ice foot in April and May (Fig. 3.10). This seasonal migration of intertidal 
limpets has been observed in other temperate regions (Frank 1965, Haven 1971, Breen 
1972, Branch 1975 a). Most migratory species of the temperate regions progressively move 
up the shore under moist and cold conditions during autumn, followed by a less obvious 
downward movement in summer. In contrast to temperate species, however, N. concinna 
entirely rnigrates from the intertidal to the sublittoral in auturnn and back to the intertidal in 
spring. 
Some species of intertidal gastropods migrate up or down the shore during or just before 
the period of spawning (Fretter and Graham 1962, Williams 1965, Underwood 1973, 
Ohgaki 1988). In the study area, spawning of N. concinna was observed in February 
(Chapter 5). During the spawning season, N. concinna of the intertidal did not show any 
strong directional movement (Fig. 3.10), and neither changed the vertical distribution (Fig. 
4.60. 
Density-dependent vertical migrations of limpets connected to food supply have been well 
documented, including manipulative studies (Frank 1965, Branch 1975 a, Breen 1972, 
Stimson and Black 1975, Cubit 1984). In many intertidal limpets, artificial increases of 
population densities resulted in emigration from these areas of greater density (Frank 1965, 
Breen 1972, Stimson and Black 1975). Breen (1971) produced similar effects by reducing 
the availability of food for the intertidal limpet Acmaea digitalis. Brgthes et al. (1994) 
discussed density-dependent vertical migration of N. concinna in the Antarctic Peninsula. 
They suggested that the major part of the recruitment takes place in the sublittoral, and the 
migration of adults to the intertidal is related to relaxing intraspecific competition in the 
sublittoral and the availability of benthic microalgae in the intertidal. In this study area, 
benthic microalgae densely covered the upper part of the intertidal undisturbed by limpets. 
4. Population structure of Nacella concinna Discussion 
It is likely that in response to this benthic food supply, N. concinna moved up to the 
intertidal. 
4.4.3. Migrant vs. non-migrant 
On Signy Island, the Nacella concinna group migrating to the intertidal during summer and 
the non-migratory sublittoral group can be distinguished by their shell morphology 
(Walker 1972, Nolan 1991). These authors considered that differences in morphology 
between the two groups were phenotypic and induced by a combination of physical, 
biological and behavioural influences. In this study, a significant difference in shell 
morphology between the intertidal and sublittoral limpets confirms the existente of two 
sub-groups on King George Island (Fig. 4.5). 
In the mark-recapture experiment, a remarkable difference in the migratory behaviour 
between the intertidal and sublittoral limpets was found (Fig. 4.6a). Wallace (1972) has 
shown that high-level limpets tolerated for desiccation better than sublittoral specimens of 
comparable size. Nolan (1991) found that for Nacella concinna of similar length, littoral 
shells have a greater intemal volume but contain a lower tissue biomass than those of the 
sublittoral. It is, at present, unknown whether intertidal limpets with steeper shells may 
have an advantage in the intertidal environment or whether some other -physiological- 
acclimation may take place by the regular migration to the intertidal. In any case, if those 
acclamations occurred, the two sub-populations would be irreversibly separated and the 
separation would be deeper with increasing age. More information on morphological and 
physiological acclimation is needed. 
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Chapter 5 
Reproduction of Nacella concinna 
5.1. Introduction 
All organisms live in changing environments; these changes may be regular and relatively 
predictable, or irregular and unpredictable. In the Antarctic rocky intertidal biological and 
physical environmental factors, including food supply for Nacella concinna, exhibit high 
seasonality and interannual variation (Chapter 3). N. concinna can avoid unfavourable 
environmental changes by seasonal migration (Chapter 4). 
Studies of intertidal gastropods, especially limpets, have found marked intraspecific 
variations in the population characteristics (Sutherland 1970, Frank 1975, Roberts and 
Hughes 1980, Fletcher 1984 a, b, Moran et al. 1984, Quinn 1988 a, b). Food is one of the 
main factors in determining variations. Temporal and spatial variations in the availability 
of food have been used to explain aspects of behaviour (Mackay and Underwood 1977, 
Little 1989), morphology (Underwood and Creese 1976) and population dynamics 
(Sutherland 1970, Creese 1980 a, Parry 1982 a, Workman 1983, Fletcher 1984 a, Quinn 
1988 a, b) of intertidal gastropods. 
Food limitations can affect a variety of functions such as growth, size, mortality or 
reproductive potential. Life history theory predicts that heterogeneous environments will 
favour environmentally sensitive energetic allocation to somatic growth and reproduction 
(Giesel 1976, Caswell 1983). This phenotypic variation is likely to have important 
consequences in determining the distribution of species, or their persistente within any 
area. 
Although reproduction biology in Nacella concinna was exarnined at Palmer Archipelago 
(Shabica 1971, 1976), at Signy Island (Picken 1980) and at the Antarctic Peninsula 
(Brsthes et al. 1994), there have been no studies in the South Shetland Islands. N. concinna 
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spawns synchronously once a year (Picken 1980, Picken and Allan 1983, BrEthes et al. 
1994, Stanwell-Smith and Clarke 1998), and water temperature and food availability are 
irnportant factors in the reproductive cycle (Shabica 1976, Picken 1980, Stanwell-Smith 
and Clarke 1998). Maturity occurs in limpets > 20 nun long (7 years old) and the annual 
reproductive output of N. concinna is low in comparison with other Patellidae (Picken 
1980). In order to improve understanding of the reproduction biology of Nacella concinna 
in King George Island, seasonal changes in gonad and somatic mass as well as in 
reproductive effort were investigated. In addition, some aspects of reproduction were 
compared between two Summers in connection with the food availability. 
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5.2. Material and Methods 
Gonad and somatic condition index 
All lirnpets sampled were preserved in a 5 % formaldehyde solution and left for at least 4 
weeks to allow the gonads to harden which aids in their dissection (Underwood 1974). 
Maximal shell length and height was measured to Â 0.1 nun with Vemier Callipers. The 
relationship between wet and dry tissue weights was determined using 141 males and 142 
females which were sampled between December 1996 and February 1997. The tissues 
were excised and the sex of mature individuals was recorded. Then gonad and somatic 
tissues were weighed, dried at 60Â° for a week, and weighed to Â 0.001 mg. Regressions of 
dry weight against wet weight of gonad and somatic tissues were calculated. Since the 
relationship of dry vs. wet weight was highly significant (see Chapter 5.3.2), wet weight 
was determined only in other individuals and converted to dry weight accordingly. 
The condition index and gonosomatic index were used to describe the annual cycle of 
somatic and gonad tissues. For this purpose, a condition coefficient was calculated, 
corresponding to the somatic, respectively gonad, mass divided by the cubic value of the 
maximal shell diameter: 
SC1 = (SDW 1 SL3) X IOOO 
GCI = (GDW I SL3) X 1000 
GSI = (GDW 1 SDW) X 100 % 
SCI, GCI and GSI = somatic condition, gonad condition and gonosomatic index 
respectively 
SDW and GDW = dry weight of somatic and gonad mass respectively in mg 
SL = shell length in mrn 
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Reproductive effort 
It has been suggested by Hirshfield and Tinkle (1975) that reproductive effort is best 
measured by energy budgets. Parry (1982 b) found that both energy budgets and ratios of 
gonad to somatic weight gave sirnilar results for four species of limpets. Reproductive 
effort has been measured for limpets, using gonad to body weight ratios, by Branch (1974), 
Choat and Black (1979), Picken (1980), Hetcher (1984 b) and Liu (1994). Annual effort 
put into reproduction is actually the gonad output per annum, e.g., the maximum 
gonosomatic index minus the minimum. 
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5.3. Results 
5.3.1. Maturity 
The size at which reproductive maturity is reached was deterrnined by examining the 
relationship between gonosomatic index and shell length before and after spawning 
(January and February 1997, see chapter 5.3.3). In animals above 20 rnm there is a marked 
increase in the relative weights of both testis and ovary (Fig. 5.1), and this is considered to 
a. Males 
70 , 
b. Females 
Shell Length (nun) 
+ Post-spawning 
Fig. 5.1. Gonosomatic index for 1 nun size categories of adult males (a) and females (b) of Nacella 
concinna. 
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indicate the attainment of maturity. Above 26 mm shell size the gonosomatic index was 
more or less independent of size. There was no evidence that one sex may mature at a 
smaller size than the other. Thus, most intertidal limpets (99.8 %) were mature. The 
smallest male with a detectable gonad was 16.9 mm, the smallest female 17.3 mm long. 
5.3.2. Relationships between wet/dry tissue weight and tissue weightlshell length 
Relationships between wet and dry weight 
Table 5.1 shows the relationships between wet and dry weight of limpet tissue. All 
regressions were highly significant. For somatic tissue, the relationships did not differ 
significantly between the two sexes (slope and intercept, all P > 0.05). For gonad tissue, 
however, covariance analysis demonstrated significant differences between estimates of 
the slopes between males and females (P C 0.001, Fig. 5.2), indicating that in same sized 
limpets the testis had higher moisture contents than the ovary. 
0 200 400 600 800 1000 1200 1400 
Wet weight (mg) 
Fig.5.2. The relationship between wet and dry weight of gonads of Nacella concinna. 
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Table 5.1. Regression equations between wet (X; mg) and dry weight (Y; mg) of limpet tissue. 
Somatic tissue Gonad tissue Total 
Sex n Regression equation R2 Regression equation R2 Regression equation R2 
Male 141 Y =0.24X+3.14 0.95 Y =0.25 X -  1.41 0.99 Y = 0.24X+2.41 0.97 
Female 142 Y = 0.24 X + 1.89 0.97 Y = 0.34 X + 0.87 0.99 Y = 0.27 X - 4.97 0.98 
Relationships between shell length und tissue weight 
All allometric equations of dry somatic tissue weight on shell length were highly 
significant (see Appendix, Table A-7). Covariance analysis indicated no significant 
differences in slopes and intercepts of relationships between the two sexes, whereas there 
were significant difference in slopes and intercepts between the different months (Table 
5.2). 
On the other hand, allometric equations of dry gonad tissue weight and shell length 
differed in different months (see Appendix, Table A-7). Regarding gonad weight, analyses 
of covariance demonstrated significant differences in slopes and intercepts of relationships 
between the two sexes as well as between the different months (Table 5.2 b). Between 
Table 5.2. Full interaction of ANCOVA for dry weight (mg) of somatic (a) and gonad tissue (b) vs shell 
length (mm) with covariate month and Sex. Month and sex are f i e d  and shell length is variable. Data refer 
to individuals > 12 mm shell length. 
a) Somatic tissue b) Gonad tissue 
d f MS F MS F 
Month (M) 11 0.035 10.493 *** 0.085 2.347 ** 
Sex (S) 1 0.001 0.179 ns 0.306 8.474 ** 
Shell length (L) 1 48.511 14344 *** 75.279 2083 *** 
M x S  11 0.001 0.308 ns 0.036 0.995 ns 
M x L  11 0.045 13.181 *** 0.080 2.215 * 
S x L  1 0.0002 0.046 ns 0.289 7.997 ** 
M x S x L  11 0.001 0.349 ns 0.036 1,007 ns 
Residual 3673 0.003 0.036 
* denotes significance P < 0.05; ** P < 0.01; *** P < 0.001; ns is not significant, P > 0.05 
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males and females, there were no difference in the relationships during the first surnmer, 
whereas some significant differences in slopes and intercepts were found during the second 
summer (Table 5.3). For most times of sarnpling during the second summer, the slopes of 
the regressions for females were significantly higher than for males. The analyses also 
showed significant differences between the intercepts of the regressions for males and 
females. In these cases, the small females usually had small gonads in comparison to males 
of the Same size, while for large size limpets the gonads of females were larger than those 
of males. 
Table 5.3. Full interaction of ANCOVA for dry weight (mg) of gonad tissue vs. shell length (mm) with 
covariate month and sex during first summer (a, from December 1996 to April 1997) and during second 
surnmer (b, from November 1997 to March 1998). Month and sex are fixed and shell length is variable. 
Data refer to individuals > 23 mm shell length. 
a) First summer b) Second surnmer 
d f MS F MS F 
Month (M) 4 0.141 5.647 *** 4 0.051 1.294 ns 
Sex (S) 1 0.021 0.845 ns 1 0.316 8.046 ** 
Shell length (L) 1 25.954 1036 *** 1 79.182 2014 *** 
M x S  4 0.026 1.023 ns 4 0.046 1.181 ns 
M X L 4 0.116 4.629 **  4 0.054 1.380 ns 
S x L  1 0.017 0.668 ns 1 0.318 8.092 ** 
M x S x L  4 0.025 0.986 ns 4 0.048 1.221 ns 
Residual 821 0.025 2646 0.039 
* denotes significance P < 0.05; ** P < 0.01; *** P < 0.001; ns is not significant, P > 0.05 
5.3.3. Seasonal variation in somatic tissue 
Since the relationships of somatic tissue and shell length were not different between the 
two Sexes, the data of males and females were pooled for somatic condition index. Fig.5.3 
shows the seasonal variation of somatic condition index for the individuals between 28 and 
32 mm shell length. A clear seasonal Pattern was observed for the somatic condition index 
from December 1996 to November 1997. The somatic condition index increased from 
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December 1996 and shows maximum values in April 1997. Later, the values rapidly 
decreased until October 1997. Between October and November 1997, the values of the 
index slightly increased, but the somatic condition factor collapsed in December 1997 
when diatom films entirely disappeared from the intertidal. The mean somatic condition 
factors were significantly lower during the second Summer than during the first Summer. 
The relationships between somatic tissue weight and shell length are compared between 
January 1997 and 1998 in Fig. 5.4. The slopes and intercepts of relationships were 
significantly different between the two summers (P C 0.001). For all size classes, the 
somatic mass of the second summer was smaller than that of the first summer. However, 
the significant difference in the slopes indicated that for large limpets the difference in 
somatic tissue weight between the two summers was proportionally greater than for small 
limpets. 
Fig. 5.3. Seasonai 
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Time (month) 
variation of the mean somatic condition factors of Nacella concinna in the intertidai of 
King George Island. Verticai bars represent standard deviations. Individuals between 28 arid 32 mm were 
used. 
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Fig. 5.4. Comparison of relationships of somatic tissue dry weight vs. shell length of Nacella concinna 
between January 1997 and 1998. 
5.3.4. Seasonal variation in gonad condition index and tirning of spawning 
Variations in the gonad condition index for both male and female individuals of intertidal 
limpets are shown in Fig. 5.5. Both males and females showed a similar gonadal cycle. At 
the beginning of the study period, the gonad mass increased parallel to the somatic mass 
and peak maturation was reached in January 1997. The following sharp drop in gonad 
index indicated the liberation of gametes in February 1997. In contrast to the somatic 
condition index, after spawning ovary and testis developed continuously without resting 
period during winter. In spite of increasing constantly until January 1998, the gonad 
condition index was significantly lower during the second Summer than during the first 
summer regarding January values. Although spawning was observed in a small number of 
individuals in February 1998, the main reproduction event did not occur before March 
1998. 
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The relationships of dry gonad tissue weight and shell length are compared between 
January 1997 and 1998 in Fig. 5.6. The relationships in male limpets did not differ between 
the two summers. In contrast to maies, the slopes and intercepts of relationships in females 
were significantly different between the two summers (P C 0.001). Small females of the 
second summer appear to have smailer gonad than those of the first summer while the 
gonads in large femaies were approximately of the same size. 
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Fig. 5.5. Seasonai variation of the mean gonad condition index of Nacella concinna in the intertidal of King 
George Island. Vertical bars represent standard errors. 
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Fig. 5.6. Comparison of relationships of dry gonad tissue weight vs. shell length in Nacella concinna 
between January 1997 and 1998. 
5.3.5. Gonosomatic index and reproductive effort 
Gonosomcitic index 
The gonosomatic index showed a similar cycle as the gonad condition index (Fig. 5.7). 
Unlike the gonad condition index, however, the values of the gonosomatic index for large 
limpets were much higher during the second summer than during the first summer. During 
the Fist summer, the gonosomatic index prior to spawning (January 1997) did not correlate 
with shell size and mean values were 42.5 % and 44.2 % for males and females, 
respectively. In contrast, during the second summer, the gonosomatic index increased with 
increasing shell size. In January 1998, for exarnple, the values rose for male limpets from 
42.5 % (23-27 mm) to 56.6 % (33-37 mrn) and those for fernales increased from 38.5 % 
(23-27 mm) to 65.0 % (33-37 rnrn). The gonosomatic indices of January 1997 and 1998 are 
compared in Fig. 5.8. In January 1997, the values increased with shell length to a 
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maximum value and then slightly decreased, and were not different between the two Sexes. 
These decreases probably occur because the equations from which the ratios are derived 
are increasingly inaccurate at large shell lengths. For large limpets, both males and 
females, the values of the second summer were higher than those of the first summer. For 
females in particular, the index did not reach a maximum value, but continuously increased 
with increasing shell size. 
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Fig. 5.7. Seasonal variation of the mean gonosomatic factors of Nacella concinna in the intertidal of King 
George Island. Vertical bars represent standard errors. 
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Fig. 5.8. Comparison of relationships of gonosomatic index vs. shell length in Nacella concinna between 
January 1997 and 1998. 
Annual reproductive effori 
Since Nacella concinna spawns once a year and this occurred between January and 
February 1997, the differences between the gonosomatic values of pre- and postspawning 
were taken for annual effort put into reproduction. Female N. concinna demonstrated a 
greater annual reproductive effort (30.8 %) than males (25.3 %). This difference was due 
to the postspawning values. After spawning, the gonads do not regress completely and the 
gonosomatic index formales was higher than for females (f C 0.05). 
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5.4. Discussion 
Somatic and gonad condition index showed a clear seasonal pattern from December 1996 
to November 1997. After that, Nacella concinna underwent a severe food shortage (see 
Chapter 3) which directly reflected the gonad and somatic condition. Therefore, I will 
discuss a seasonal pattern in the development of gonad and somatic mass, including 
spawning time, at first. Then, I compare some aspects of reproduction between the two 
Summers in relation to food availability. 
5.4.1. Seasonal development of gonad and somatic tissue 
Somatic condition index showed a clear seasonal pattern between December 1996 and 
November 1997. Maximum tissue weights were recorded before and after the spawning 
season (January-April), and minimum tissue weights were found during winter (August- 
October). The seasonal cycle of the somatic condition index appears to be coupled to the 
food availability. Filarnentous algae and benthic diatoms were abundant in the intertidal 
until April 1997 (Chapter 3). This high food supply during summer was reflected by an 
increase of the somatic mass. During the period of food shortage in winter, the somatic 
mass declined steadily until the microphytobenthic bloom occurred in the following spring. 
In contrast to the summer 1996/97, filamentous algae and benthic diatoms developed 
poorly in the early spring 1997198 and disappeared in December 1997 entirely (Chapter 3). 
This food shortage seems to be directly reflected in a collapse of the somatic condition 
index in December 1997. The somatic condition index increased slightly in the Course of 
the second summer, but it was substantially lower than in the first summer. Brsthes et al. 
(1994) observed a similar seasonal pattern in Nacella concinna of Esperanza Bay 
(Antarctic Peninsula) and they found that the variations in somatic mass were directly 
related to microphytobenthos availability. 
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Seasonal development of gonad mass seems to be coupled less to food supply. After 
spawning in February, gonad mass progressively developed without resting period during 
the winter. Even when the somatic condition index collapsed during the second surnrner, 
gonad mass steadily increased. Therefore, it can be suggested that energy was channelled 
into reproduction from Storage tissue for reserves. Simpson (1982) observed a transfer of 
lipids from the digestive gland to the gonad during the reproductive cycle in Nacella 
macquariensis. A sustained increment in the gonad mass could be supported, in part, at the 
expense of somatic mass. 
Nacella concinna appears to spawn once a year, in agreement with the observations in 
other Antarctic regions (Shabica 1976, Picken 1980, Picken and Allan 1983, Brsthes et al. 
1994). On King George Island, however, N. concinna seems to spawn much later (in 
February) whereas in other Antarctic regions spawning was observed between November 
and January. In addition, during the surnrner 1997198, spawning in the intertidal population 
was delayed and the main reproduction event was not observed before March 1998, 
whereas the sublittoral limpets spawned in February 1998 (D. Kim, unpublished data). 
The spawning of intertidal limpets has been ascribed to be stimulated by changes in 
temperature (Fritchman 1962) and by wave action (Orton et al. 1956, Bowman and Lewis 
1977, Thompson 1980). Previous workers (Shabica 1976, Picken 1980) in Antarctica have 
proposed that the proximate environmental cue for spawning in Nacella concinna is 
temperature and that spawning occurrs about 3 weeks after the coastal sea-water 
temperature rose to - l.4"C. The rise in water temperature seems not to be cue for the 
spawning in N. concinna on King George Island because the sea-water temperature 
reached maximum and rose over + 1Â° in January (Kang et al. 1997). In a more recent 
study at Signy Island, Stanwell-Smith and Clarke (1998) found that there was little 
correspondence between the the spring increase in seawater temperature and the timing of 
spawning of N. concinna by surnrnarising the data over nine separate years. Furthermore, 
they suggested that reproduction in N. concinna is triggered by the spring phytoplankton 
bloom. Studies of reproductive cycles of marine invertebrates have shown that times for 
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peak maturation, spawning, and resting Stages can differ markedly between successive 
years (e.g., Orton et al. 1956, Underwood 1974, Stanwell-Srnith and Clarke 1998) and with 
locality. Such findings indicate that events within the reproductive cycle are susceptible to 
environmental influence. Light, salinity, temperature, and food may be possible 
mechanisms for controlling the reproductive cycle of N. concinna. 
Branch (1974) reported that males of Patella spp. from South Africa have a greater 
gonadal output than females. Liu (1994) obtained similar results in Cellana grata and 
Patelloida pygrnaea on rocky shores in Hong Kong. However, this is probably due to use 
of wet weight rather than dry weight. In this study, a significant difference in the 
relationships of dry vs. wet weight of gonad between males and females indicated that 
testes have a higher moisture content than ovaries. In terms of wet weight a testis was 
much heavier than an ovary of a Same sized limpet, but the gonad dry weights of both 
Sexes were approximately the Same. Similar results were obtained in two species of 
Acmaea (Choat and Black, 1979) and N. concinna in Signy Island (Picken 1980). In 
addition, Parry (1982 b) found that the energy content per unit dry weight is higher in the 
ovary than in the testis for four species of Australian limpets. In addition, Simpson (1982) 
found that much more lipid was accumulated in the ovary than in the testis (almost double 
the amount in the ripe condition) during gonadal development for N. macquariensis. In N. 
concinna, therefore, it is likely that females have a greater gonadal output in terms of 
energy content than males. 
5.4.2. Reproductive strategy related to food availability 
In this study, the limpets have higher dry gonad mass to total dry mass ratios prior to 
spawning (= 30 % in January 1997) than those at Signy Island (= 15 %, Picken 1980) and 
those on the Antarctic Peninsula (= 10 %, BrEthes et al. 1994). Where intraspecific 
variation has been investigated, many studies have found large differences in the 
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reproduction effort among populations inhabiting different areas (e.g., Branch 1974, Snell 
and King 1977, Hughes and Roberts 1980, Stearns 1980, Brown 1983, Fletcher 1984 b, 
1987). 
Increased fecundity with increased size or age is usual for marine invertebrates in general 
(e.g., Barnes and Barnes 1968, Sameoto 1971, Gonor 1972, Creaser 1973, Rutherford 
1973, Wyatt 1973, Menge 1974, Thompson 1979) and for molluscs in particular (e.g., 
Branch 1975 b, Choat and Black 1979, Roberts and Hughes 1980, Hart and Begon 1982, 
Perron 1983, Quinn 1988 b). Therefore, most species can potentially adjust fecundity to 
increasing food supply by growing (Spight and Enden 1976, Quinn 1988 b, Guilou and 
Lumingas 1999). However, there are many instances where animals are known to put 
additional resources into reproduction when food is abundant; e.g., gastropods (Spight and 
Enden 1976, Fletcher 1984 b) and copepods (Uye 1981, Kimmerer 1984). 
In Nacella concinna, gonad dry weight increased with size (and therefore age) both in 
males and females. In male N. concinna, gonad output seems to be independent of the food 
supply, when the relationships of gonad dry weight On shell length are compared between 
the two summers. The small females had smaller gonads under food limited conditions 
during the second summer, but gonad dry weights in large females were approximately the 
same in the two summers. Thus, N. concinna seems to be more flexible in growth rate 
rather than in reproduction because the reduced food supply had a greater effect on somatic 
production than on reproductive output. 
The reproductive effort of an individual or species may increase allometrically with age 
(Williams 1966, Gadgil and Bessert 1970, Kaplan and Salthe 1979, Bayne et al. 1983, 
Thompson 1984). Fletcher (1984 b) found that the reproductive effort of Cellana did not 
vary over the range of adult sizes and showed no tendency to increase with age. During the 
Summer 1996197, gonad to body ratios increased with shell length following the attainment 
of sexual maturity, but approached a maximum value at large shell lengths. Sirnilarly, the 
proportion of body weight invested in gonads is independent of shell length in all but the 
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smallest adults in the Antarctic limpet (Picken 1980). This results is not uncornrnon in 
gastropods, similar results have been found in limpets (Creese 1980 b, Branch 1974, 
Picken 1980), in four species of Conus (Perron 1982) and in muricids (Spight and E d e n  
1976). 
In contrast to the first summer, the gonosomatic index increased significantly with 
increasing shell size under limited food conditions during the second summer. This 
increment in gonosomatic index was more evident in females than in males. The 
gonosomatic indices in small limpets were not different between the two Summers, 
whereas the values of the indices in large limpets were much higher during the second 
summer than during the first summer. In females, the mean values of the gonosomatic 
index increased steadily with size from 40 % to 60 % during the second summer. Although 
the gonad output did not change when food resources were scarce, reproductive effort in 
Nacella concinna may have been enhanced (see also Calow and Woollhead 1977, Bayne et 
al 1978, Hirshfield 1980, Thompson 1983). This evidence Supports the result that 
reproductive effort is not constant within a population (Fletcher 1984 b). Fletcher (1984 b) 
has shown that the amount of environmentally determined variation in the reproductive 
output of the limpet Cellana tramoserica exceeds interspecific differentes. 
Reproduction may be risky (Grahame and Branch 1985). Life history theory suggests that 
energy allocated to reproduction reduces the amount of energy available for maintenance 
and reproductive efforts should be positively correlated with the rate of extrinsic adult 
mortality, e.g., the mortality that would occur irrespective of the level of reproductive 
effort (Hirshfield and Tinkle 1975). Parry (1982 a) using four intertidal limpets as 
exarnples, demonstrated that the adults of species which occur in seasonal environments 
appear to take greater risks when breeding than those of species which occupy more 
constant environments. In December 1997 and January 1998, a number of dead limpets, 
most likely not subject to predation (remaining soft tissue in shell), were found (D. Kim, 
Person. observ.). Under food limited conditions of the second summer, the values of 
gonosomatic index increased with increasing shell size and exceeded 60 % for the large 
females. Therefore, a high mortality for the large limpets, especially for females, may be 
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expected during the second Summer. Since the large females appear to put more effort into 
reproduction than males under food lirnited conditions, this may result in a higher mortality 
of the forrner and may lead to a decrease in the proportion of large females in the intertidal 
part of the N. concinna population. 
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Chapter 6 
General discussion 
In this chapter, I will discuss at first the possible factors which can affect the seasonal 
development of the intertidal algae. In the next step, I will deal with the seasonality of 
Nacella concinna. This will be including seasonal migration, comparison in population 
characteristics between the intertidal migrant and sublittoral non-rnigrant, and life history 
pattems related to food availability. 
The natural distribution and abundance of algal cover can be influenced by several factors. 
The seasonal development of algae is generally triggered by physical factors, such as light, 
temperature andlor nutrient conditions (Chapman and Craigie 1977, LÃ¼nin 1980, LÃ¼nin 
and tom Dieck 1989, Wiencke 1996). An important feature which distinguishes the 
shallow water marine ecosystem around Antarctica from those elsewhere in the world is 
the impact of ice (Clarke 1988). Except for the ice disturbances, this study demonstrated 
that the distribution and abundance of the Antarctic intertidal algae could be controlled by 
grazing of Nacella concinna, at least in the lower part of the shore (Chapter 3). In addition, 
other grazers, such as Laevilittorina sp. and amphipods, are abundant in the Antarctic 
intertidal (Castilla and Rozbaczylo 1985, Rauschen 1991, Iken 1996) and their role on 
developrnent of intertidal algae requires further investigation. 
The physical factors affect the abundance of species not only through mortality caused by 
Stress, but also through generating annual cycles in rates of primary production (Cubit 
1984). On the other hand, ice disturbance and grazing by N. concinna may reduce the 
standing stock of the intertidal algae through mortality. Since the impact of ice and grazing 
by N. concinna varied with season, the seasonal fluctuation in algal cover could be 
explained by variations in rates of physical and biological disturbances, in rates of 
production by the algae, or by a combination of the two. 
Except for the seasonal variation, the physical and biological factors can vary with tidal 
levels (Chapter 3). The importance of biotic factors in controlling the distribution and 
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abundance of marine organisms is generally thought to decrease with increasing level in 
the intertidal zones of rocky shores. Consistent with this perspective, algal abundance has 
been shown to be influenced by competition and herbivory at lower intertidal levels, while 
at upper intertidal levels algal abundance appears to be govemed principally by physicai 
stress (Aleem 1950, Lawson 1957, Castenholz 1961, Lewis 1964, Chapman 1973, Haven 
1973, Underwood 1980, 1981). This seems to be correct in the intertidal zones of Antarctic 
rocky shores because frequency and intensity of ice disturbance and physical stress 
increased with increasing tidal level, whereas influence of grazing by Nacella concinna is 
usually restricted to the lower intertidal. 
Previous observations and experimental works have proposed that early life stages are of 
critical importance for population dynarnics of bloom-forming macroalgae On rocky shores 
(Hruby and Norton 1979, Lubchenco 1983, Vadas et al. 1992) and on soft bottoms 
(Schories 1995, Lotze 1998). In general, early life stages are more sensitive to 
environmental change or herbivore pressure compared to adults (Lotze 1998). In the study 
area, the recruitment of most intertidal algae occurred only in early spring (between 
October and November), except for Acrosiphonia arcta and Porphyra endiviifolium. In 
spite of the fluctuation of their abundance, the Pattern of vertical algal distribution in early 
spring remained until later summer. Therefore, development of early stages into adults may 
be important to deterrnine later population development and species dorninance pattems. 
The development of early stages in the beginning of the vegetation period seems to be 
dependent on abundance in the propagule bank, timing of the receding ice foot and other 
physical conditions, such as temperature, light climate and nutrients. 
The Initiation of algal recruitment in early spring originated from overwintering 
propagules. Abundance in the propagule bank may be primarily related to the total 
reproductive output (Schories 1995, Lotze 1998), and be affected by disturbance owing to 
grazing and the winter ice foot. Clearly additional experimental work On this subject is 
required. Timing and rate of germination appeared to be controlled by temperature and 
light climate after receding of the ice foot in early spring. Further population development 
into adults and the potential for forrning a mass bloom depend on the relative impact of 
nutrients (Lotze 1998), losses to herbivory and ice scouring in gerrnlings and adults. In the 
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Antarctic, although concentrations of the major nutrients are high and non-limiting for 
macroalgal growth throughout the year (Drew and Hastings 1992), Wiencke (1996) noted 
that studies On micronutrient lirnitation of Antarctic macroalgae are needed. Disturbance 
by ice scouring usually was severe in early spring, but floating ice occurred occasionally 
and disturbed the intertidal in summer. As a consequence, most macroalgae which 
recruited in early spring showed a patchy distribution and the degree of patchiness 
increased in the course of summer. The space opened by ice disturbance was rapidly 
covered by fast-growing opportunistic filamentous algae and benthic diatoms. Herbivore 
pressure by Nacella concinna was less severe on adults compared to early life stages, 
which again demonstrated the vulnerability of early stages as proposed by Vadas et al. 
(1992). However, N. concinna heavily consumed filamentous algae and benthic diatoms. 
Because of upward migration and grazing of N. concinna, barren space gradually increased 
at lower intertidal levels in the course of summer. On the other hand, coverage of 
filarnentous algae and benthic diatoms extended at high intertidal levels without grazing by 
N. concinna. Therefore, herbivore grazing seems to limit the distribution and abundance of 
Antarctic intertidal algae at low shore levels, whereas physical factors including ice 
disturbance seem to control algal growth at the upper shore levels. 
The results of this study indicate a large interannual variation in the distribution and 
abundance of the intertidal algae. An ENSO (E1 Nifio Southem Oscillation) influence on 
the recolonisation of benthic fauna in Antarctic shallow water has been suggested (Dayton 
1989, Rauschen 1991). Although the data from this study were collected in an E1 Nifio 
year, the results do not permitted final conclusions conceming an ENSO impact on 
Subantarctic benthos recolonization. Further long-term studies and experimental work are 
needed. 
It is clear that seasonal migration of Nacella concinna is an adaptation to the Antarctic 
intertidal (Walker 1972). It avoids the severe effects of the winter climate by movement 
into the sublittoral, and gradually migrates to the intertidal, grazing the filamentous algae 
and benthic diatoms in spring. The upward migration seems to be dependent upon the 
individual size because limpets obviously exhibited a size gradient with increasing tidal 
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level (Chapter 4). The upper limit of limpet distribution is thought to be restricted by 
desiccation conditions, thermal stress and osmotic stress (Lewis 1954, Frank 1965, 
Vermeij 1972, Branch 1981, Sanders et al. 1991, Marshall and McQuade 1992). According 
to this explanation for upper limits, small limpets with high surface-to-volume ratios are at 
a disadvantage compared to large limpets, so small limpets may be restricted to lower 
levels, leading to a size gradient with increasing tidal level. However, the greater 
proportion of limpets never appears to leave the sublittoral Zone (Walker 1972). There are 
distinct morphological differences between the migrants and non-migrants in N. concinna 
(Walker 1972, Nolan 1991, see also Chapter 4). The intertidal migrants had a larger 
heighuength ratio and the shells lacked epibiontic fauna. Furthermore, mark-recapture 
experiments indicated a difference in migratory behaviour between the two sub-groups 
(Chapter 4). Since a study of alletic variation revealed no discernible difference between 
the two forms at Signey Island (Beaumont and Wei 1991), it is suggested that the intertidal 
migrants are morphologically or physiologically acclimated to the intertidal environment. 
If this assumption is correct, the individuals adapting to the intertidal may migrate 
regularly. However, we need more information On the adaptation. 
Studies of intertidal gastropods, especially limpets, have revealed marked intraspecific 
variations in the population characteristics in a number of species (Sutherland 1970, 
Branch 1975 b, Lewis and Bowman 1975, Choat 1977, Thompson 1980, Creese 1980 b, 
Workman 1983, Fletcher 1984 a, b). In addition, large differences have been found 
between intertidal and sublittoral populations for Cellana tramoserica (Fletcher 1984 b). 
This study demonstrated that adult individuals only were found in the intertidal and there 
were considerable differences in sex-ratio between the intertidal migrants and the 
sublittoral non-migrants. Although it is difficult to compare directly, the gonosomatic 
index was much higher in the intertidal limpets of King George Island than in the 
sublittoral limpets of Esperanza Bay (Brethes et al. 1994) and of Signy Island (Picken 
1980). Furthermore, Brethes et al. (1994) noted that differential growth between two sub- 
groups might be possible. Taken together, it can be presumed that the population 
characteristics in the Antarctic limpet are largely different between the intertidal and 
sublittoral group. 
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Apart from the differentes among habitats, limpets may encounter a variety of 
environmental conditions. To resist unfavourable environmental changes and to improve 
survival, limpets can modify their Pattern of resource allocation to growth, maintenance 
and reproduction. Chapter 3 showed that the distribution and abundance of the intertidal 
algae exhibited a high seasonality and interannual variation. Food is one of the main 
factors in determining variations in limpet growth and reproduction (e.g., Quinn 1988 a, b). 
Food limitation led to a reduction in the somatic condition factor in Nacella concinna. 
Unlike the somatic, the gonad condition factor continuously increased in food-limited 
conditions during the second summer. Thus, it can be inferred that N. concinna is more 
flexible in growth rate rather than reproduction with respect to the fluctuation of food 
supply. In consequence, the value of relative reproductive effort was higher under food- 
limited conditions during the second summer compared to the first summer. In particular, 
the reproductive effort exceeded 60 % in the large females and this high reproductive effort 
appeared to lead to adult mortality. 
In conclusion, for the Antarctic intertidal algae the relative importance of physical factors 
(predominantly ice impact, light, temperature and nutrient) versus biological factors such 
as grazing by the Antarctic limpet Nacella concinna varies with season and with tidal 
levels. This variation leads to characteristic seasonal changes in the distribution and 
abundance of the intertidal species. The seasonal migration of N. concinna is an adaptation 
to severe environmental condition in the Antarctic intertidal. Environmental factors, and 
especially food availability, appear to play an important role in the life cycle of the 
intertidal N. concinna. Limpets seem to be very sensitive to food availability, but to be 
more flexible in growth rate rather than reproduction. The different environmental 
conditions between the intertidal and sublittoral appear to lead to intraspecific variation in 
life history traits of N. concinna. 
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Appendix 
Tab. A-1. 'Na3 mortaiity' (Chapter 3.3.2.1) 
Mean mortality (%) with standard errors, n = number of woden plates (see Chapter 3.2.1). 
Mean k SE 
Month n M.H.W.N. M.L.W.N. 
Februarv 1997 8 30.2 i 9.43 3 . 0 i  1.31 
Aprii 1997 5 92.8 i 3.38 6.8 i 4.18 
October 1997 8 85.0 i 9.62 2.5 * 2.50 
November 1997 48 51.7 6.32 18.0 i 4.02 
December 1997 32 5.7 * 2.95 0 
January 1998 40 21.7 * 5.00 3.3 2 1.66 
February 1998 8 5.0 * 3.36 0 
Tab. A-2. Mean perceniage Cover ( i  standard errors) of canopy space (Chapter 3.3.2.3) 
Adenocystis utricularis 
Month n St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 
Dec 1996 6 1.1 * 1.11 12.8k3.15 8 . 9 ~ 2 . 6 8  20.6k4.34 10.6i 1.02 15.0i9.95 18.9i8 .01 
Jan 1997 6 2.2 1.65 
Feb 1997 6 2.2 * 1.65 
Apr 1997 6 3 . 9 i  1.59 
May 1997 6 1.1 i 1.11 
Oct 1997 8 Ice-fmt 
Nov 1997 8 0 
M 1 9 9 7  8 0 
Janl998 8 0 
Feb 1998 8 0 
Iriaheu corahta 
Month n St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 
Dec 1996 6 0 0 1 . 7 i  1.14 8 .9i4 .01 27.8k7.78 1.7* 1.14 24 .4 i  11.0 
Jan 1997 
Feb 1997 
Apr 1997 
May 1997 
Oct 1997 
Nov 1997 
Dec 1997 
Jan 1998 
Feb 1998 
Pulmuriu decipiens 
Month n St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 
Dec 1996 6 0 0 9.4k3.38 48.9i6.54 3.3k 1.72 2.8* 1.81 7.8i4.10 
Jan 1997 
Feb 1997 
Apr 1997 
May 1997 
Oct 1997 
Nov 1997 
M 1997 
Jan 1998 
Feb 1998 8 0 0 0 0 0 0 0 
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Month n St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 
Dec 1996 6 0.6k0.56 18.9k3.82 61.7k 10.2 91.7k4.77 12.2k3.82 26.1 k6.11 4.4* 2.05 
Jan 1997 6 0 5.6k3.06 21.7k3.31 21.1 k4.61 17.8k4.69 0.6k0.56 13.9* 3.49 
Feb 1997 6 0 l . l k 0 . 7 0  18.3k4.53 11.7k4.85 4.4k2.05 0 5.0 * 2.40 
Apr 1997 6 0 1.1*0.70 5.0k1.67 0 0 0 2.2 * 1.41 
May 1997 6 0 0 0 0 0 0 0 
Oct 1997 8 Ice-foot 0 0 0 0 0 0 
Nov 1997 8 0 0 0 0.5 k0.50 0 0.5 * 0.33 0 
Dec 1997 8 0 0 0 0 0 0 0.3 * 0.25 
Jan 1998 8 0 0 0 0 0 0 0 
Feb 1998 8 0 0 0 0 0 0 0 
Porphyra endiviifolium 
Month n St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 
Dec 1996 6 0 0 0 0 0 0 0 
Jan 1997 6 OS * 0.50 0 0 0 0 0 0 
Feb 1997 6 2.2 k 1.64 0 0 0 0 0 0 
Apr 1997 6 10.0 * 3.45 9.5 k 3.69 13.3 k 6.14 0 0 0 0 
May 1997 6 2.8 i 1.40 0.5 * 0.50 1.7 k 1.17 0 0 0 0 
Oct 1997 8 Ice-foot 0 0 0 0 0 0 
Nov 1997 8 0 0 0 0 0 0 0 
Dec 1997 8 0 0 0 0 0 0 0 
Jan 1998 8 0 0 0 0 0 0 0 
Feb 1998 8 0 0 0 0 0 0 0 
Month n St.1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 
Dec 1996 6 0 0 0 0 0 0 0 
Jan 1997 6 0 10.0 k 4.82 3.3 k 1.28 0.5 i 0.50 0 0 0 
Feb 1997 6 0 6 . 0 ~  2.W 5.0* 1.90 1.2 * 1.17 0 0 0 
Apr 1997 6 0 6.7 k 1.91 1.7 * 1.17 1.2 * 1.17 0 0 0 
May 1997 6 0 0 0.5 k 0.50 0 0 0 0 
Oct 1997 8 Ice-foot 0 0 0 0 0 0 
Nov 1997 8 0 0 0 0 0 0 0 
Dec 1997 8 0 0 0 0 0 0 0 
Jan 1998 8 0 0 0 0 0 0 0 
Feb 1998 8 0 0 0 0 0 0 0 
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Tab. A-3. Mean percentage Cover (* standard errors) of primary space (Chapter 3.3.2.3) 
Adenocystis utricularis 
Month n St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 
Dec 1996 6 0.6k0.56 10.6k3.03 7.8 i2.38 14.4k3.18 11.1 k6.87 10.0i0.86 18.3k7.84 
Ja111997 6 l.lkO.70 l . l k l . 1 1  7.2i2.18 21.1i5.21 12.8k4.82 l.lkO.70 27.2*3.49 
Feb 1997 6 1.7* 1.14 1 . lk  1.11 30.0i6.78 27.8k12.0 3.9k 1.81 1.7i0.75 lO.O* 1.49 
Apr 1997 6 1.7k0.75 3.3k2.28 20.6k3.59 11.7k4.77 1.1 k 1'11 1.1 kO.70 15.0&3.07 
May 1997 6 0.6 k 0.56 2.22 * 0.70 20.0 k 6.33 4.4 k 2.22 0 1.7k1.14 8.9i2.68 
Ckt 1997 8 Ice-fmt 0 0.8 k0.54 l.Oi0.77 1.3 k 1.02 0.8i0.37 5.1 k2.31 
Nov 1997 8 0 0 0.8k0.54 0.5k0.51 1.3i0.77 0.8i0.37 6.4k2.42 
Dec 1997 8 0 0 0 4.1 k 1.97 2.3k0.90 l.Ok0.77 6.9* 1.93 
Jan 1998 8 0 0 0 4.8k2.56 1.8i0.69 2.6k0.93 5.9k 1.36 
Feb 1998 8 0 0 0 4.8k2.64 4.1 i 1.59 3.6k 1.43 8 . 2 i  1.39 
Month n St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 
Decl996 6 0 0 l . l i l . 1 1  7 . 2 ~ 3 . 5 9  0 5.0 k 2.24 6.1 k 3.03 
Jan 1997 6 0 0 0 0.6k0.56 1.7k1.14 0 3.3 * 1.72 
Feb 1997 6 0 0 l . lk0.70 0 0.6 k 0.56 0 9.4 k 3.79 
Apr 1997 6 0 0 0 0 0 0 4.4k 1.11 
May 1997 6 0 0 0 0 4.4 i 2.05 0 0.6 k 0.56 
Ckt 1997 8 0 0 1.5 k0.84 3.3 i 1.22 1.5 k0.64 2.8 20.94 
Nov 1997 8 0 0 0 0.3k0.26 2.6k1.14 1.5i0.64 4.6k 1.88 
Decl997 8 0 0 0 0.8*0.54 3.8k 1.70 2.3 i 1.19 5.9k 1.74 
Jan 1998 8 0 0 0 2.6k1.48 3.1k1.39 1.3k0.66 6.1k1.97 
Feb 1998 8 0 0 0 2.6k2.03 3.1 k2.22 3.3k2.21 5.1 k 1.89 
Palmaria deciuiens 
Month n St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 
Dec 1996 6 0 0 1.7k1.67 5.6k1.86 0 0.6k 0.56 0 
Jan 1997 6 0 0 0 0 0 0 0 
Feb 1997 6 0 0 0 0 0 0 0 
Apr 1997 6 0 0 0 0 0 0 0 
May 1997 6 0 0 0 0 0 0 0 
Ckt 1997 8 Ice-fmt 0 0 0 0 0 0 
Nov 1997 8 0 0 0 0 0 0 0 
Dec 1997 8 0 0 0 0 0 0 0 
Jan 1998 8 0 0 0 0 0 0 0 
Feb 1998 8 0 0 0 0 0 0 0 
Monostroma hariotii 
Month n St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 
Dec1996 6 0 l . l k l . 1 1  18.3k6.07 18.9k6.31 5.0i1.88 1.7k1.14 0 
Jan 1997 6 0 1.1 i 1.11 0 l . l k l . 1 1  0.6k0.56 0 0 
Feb 1997 6 0 0 0.6 k0.56 0 0 0 0 
Apr 1997 6 0 0.6k0.56 0.6 k0.56 0 0 0 0.6 k 0.56 
May 1997 6 0 0 0 0 0 0 0 
Ckt 1997 8 Ice-fmt 0 0 0 0 0 0 
Nov 1997 8 0 0 0 0 0 0 0 
Ã¼ec199 8 0 0 0 0 0 0 0 
Jan 1998 8 0 0 0 0 0 0 0 
Feb 1998 8 0 0 0 0 0 0 0 
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Pomhvra endiviifolium 
' ,  
Month n St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 
Dec 1996 6 0.5 * 0.50 0 0 0 0 0 0 
Jan 1997 6 0 0.5 k 0.50 0 0 0 0 0 
Feb 1997 6 0 0 0 0 0 0 0 
Apr 1997 6 0 0 0 0 0 0 0 
May 1997 6 0 0 0 0 0 0 0 
Oct 1997 8 Ice-foot 0 0 0 0 0 0 
Nov 1997 8 0 0 0 0 0 0 0 
Dec 1997 8 0 0 0 0 0 0 0 
Jan 1998 8 0 0 0 0 0 0 0 
Feb 1998 8 0 0 0 0 0 0 0 
Acrosiphonia arcta 
Month n St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 
Dec 1996 6 0 0 0 0 0 0 0 
Jan 1997 6 0 6.7 * 1.91 2.2 * 1.14 0 0 0 0 
Feb 1997 6 0 6.0 * 2.00 5.0 * 1.80 0 0 0 0 
Apr 1997 6 0 6.7 * 1.91 1.7 * 1.17 0 0 0 0 
May 1997 6 0 0 0.5 * 0.50 0 0 0 0 
Oct 1997 8 Ice-foot 0 0 0 0 0 0 
Nov 1997 8 0 0 0 0 0 0 0 
Dec 1997 8 0 0 0 0 0 0 0 
Jan 1998 8 0 0 0 0 0 0 0 
Feb 1998 8 0 0 0 0 0 0 0 
Fiiamentous aigae and diatom film 
Month n St.1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 
Dec 1996 6 94.4*2,53 66.7k4.47 21.1 i6 .00  5.0* 1.88 0 0 0 
Jan 1997 6 87.2 * 1.81 71.7 * 2.82 73.9 * 4.34 37.8 * 7.54 0 0 0 
Feb 1997 6 91.1 * 2.94 87.2 * 3.59 8.9 * 4.36 0.6 * 0.56 0 0 0 
Apr 1997 6 22.8 * 7.01 13.3 3.22 10.6 * 5.40 0 0 0 0 
May 1997 6 0 0 0 0 0 0 0 
Oct 1997 8 Ice-foot 25.3 i 5.60 43.1 i5.65 56.6* 3.24 64.Ok5.90 51.8 k5.71 66.6k3.74 
Nov 1997 8 0 14.5 k 5.43 35.5 * 9.03 49.0 * 4.56 14.0 * 8.91 30.6 i 7.54 15.3 * 6.06 
Dec 1997 8 0 0 0 0 0 0.3 i 0.25 0.3 * 0.25 
Jan 1998 8 0 0 0 0 0 0 0.8 i 0.54 
Feb 1998 8 0 0 0 0 0 0.3 i 0.25 0.3 * 0.25 
Tab. A-4. Mean number (* stanÃ¤ar errors) of Nucelh concinna (Chapter 3.3.2.2) 
December 1996 January 1997 February 1997 April 1997 May 1997 August 1997 
St. n MeankSE n MeaniSE n Mean *SE n Mean *SE n MeankSE n Mean i S E  
1 8  0 8 0 8 0 8 0 8 0 8 0 
October 1997 November 1997 December 1997 January 1998 February 1998 March 1998 
St. n Meank SE n MeankSE n MeankSE n MeaniSE n Mean *SE n MeankSE 
1 8  0 32 0 32 0 32 0.6 20.36 32 2.9 k0.85 32 2.0 k 1.05 
2 8 0 32 0 32 1.5 k0.82 32 20.4 k6.19 32 35.5 k7.05 8 29.0 * 11.4 
3 8 0 32 0 32 15.6~7.22 32 59.1 k 13.2 32 69.1 k8.69 8 36.5 k8.23 
4 8 0 32 20.6i5.20 32 27.0k6.87 32 102.4 k 18.9 32 63.9i7.68 12 78.02 11.8 
5 8 0 32 25.8k4.94 32 42.0k 11.6 32 55.62 13.2 32 47.45 8.40 32 57.3 k6.73 
6 8 4.0 k3.46 32 20.8 k4.79 32 49.4 k 10.7 32 59.0 k9.65 32 70.8 k 9.43 16 65.0 k 10.4 
7 8 11.5 k9.43 32 42.0k4.17 32 28.6 k6.77 32 29.6 k7.94 32 37.6k6.59 nd 
8 nd 32 55.3 k9.07 32 63.9 k 14.4 32 49.4 k 8.36 32 53.8 k7.22 nd 
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Tab. A-5. Mean size with standard errors, m'nimal and maximal size (mm) of Nriceliu concinnu (4.3.1 and 4.3.2) 
December 1996 
February 1997 
April 1997 
Appendix 
May 1997 
maies femaies i m m a t u ~ s  T 
St. n Mean *SE min rnax n Mean *SE min max n Mean *SE  min max n Mean *SE rnin max 
1 0  0  0  0  
October 1997 
males femaies i m m a t u ~ s  - 
St. n Mean k SE rnin max n Mean t SE min rnax n Mean k SE min rnax n Mean k SE min rnax 
November 1997 - -  ~ 
maies ferndes i m m a t u ~ s  Y 
St, n Mean *SE min max n Mean k SE min max n Mean * SE min max n Mean t SE min max 
1 0  0  0  0  
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December 1997 
males femaies immatures - 
S t  n Mean Â SE rnin rnax n Mean Â SE rnin rnax n Mean Â SE min rnax n Mean k SE rnin rnax 
1 0  0 0 0 
January 1998 
maies ferndes immatures _________Y_________ 
St. n Mean k SE rnin rnax n Mean Â SE min rnax n Mean Â±S rnin rnax n Mean Â±S rnin rnax 
1 0  0 0 0 
Februarv 1998 
maies femaies immatures : St. n Mean Â SE rnin max n Mean Â SE min rnax n Mean Â SE min rnax n Mean i SE min max 
1 23 32.720.7 26.2 38.2 28 32.6 20.7 25.8 39.4 0 51 32.6 i 0 . 5  25.8 39.4' 
March 1998 
males females immatures Y 
St. n Mean i SE rnin rnax n Mean i SE min rnax n Mean k SE min max n Mean k SE rnin max 
1 6 32.5i1.4 26.5 37.0 10 31.3 i 0 . 8  25.9 35.1 0 16 31.7 k0.7 25.9 37.0 
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Tab. A-6. Movement of Nacella concinna (Chapter 4.3.4) 
y = verticai distance moved (cm) a day (negative value is straight down the beach). d = total distance 
moved (cm) a day . 
- 
Large limpets Srnall limpets Sub-littorai limpets 
V ri " rl V rl 
J .. J . J ..
Count 18 19 18 
Mean -17.5 23.0 -17.5 27.0 -52.2 60.8 
SE 4.0 3.4 4.7 4.4 7.4 7.0 
Min -65.3 9.8 -7 1 .O 6.1 -93.4 4.2 
Max -0.9 70.6 16.4 72.8 3.3 98.5 
Zone 1 Zone 2 
Large limpets Small limpets Large limpets Small limpets 
Y d Y d Y d Y d 
Count 22 23 
Mean 7.7 18.3 -10.9 13.7 29.6 42.4 6.5 18.5 
SE 6.4 5.8 2.9 2.8 9.8 10.2 5.2 4.4 
Min -19.8 0.5 -46.4 0.4 -20.3 1.4 -36.1 1.1 
Max 95.4 95.4 5.2 46.5 140.2 177.6 74.1 75.2 
- - 
Large limpets Small limpets Large limpets Smail limpets 
Y d Y d Y d Y d 
Count 24 2'3 29 22 
Mean -11.8 35.2 -15.3 23.3 5.4 21.3 1.9 17.9 
SE 4.9 3.8 3.5 4.5 4.3 4.6 3.5 5.3 
Min -52.7 2.9 -45.9 0.5 -28.1 1.0 -24.2 1.0 
Max 47.4 74.5 9.5 84.7 92.3 109.5 43.3 114.2 
Tab. A-7. Regression of gonad, somatic and total tissue weight on shell length of Nacella concinna (Chapter 5.3.2) 
W, dry tissue weight (mg); L, shell length (rnm). 
Males 
Gonad mass somatic mass total tissue 
Month n Regression r2 Regression 9 Regression 9 
December 1996 81 logloW = 2.626 logl& - 1.836 0.438 logloW = 2.924 logl& - 1.826 0.838 logloW = 2.880 logl& - 1.625 0.791 
January 1997 81 logl0W = 3.884 log1& - 3.570 0.795 logloW = 3.333 logl& - 2.381 0.859 logloW = 3.488 logl& - 2.455 0.885 
February 1997 64 logloW = 3.263 logl& - 3.024 0.447 logloW = 3.212 logl& - 2.198 0.891 logloW = 3.194 logl& - 2.095 0.875 
April 1997 55 logloW = 4.147 logl& - 4.300 0.850 logloW = 3.290 logl& - 2.307 0.885 logloW = 3.430 logl& - 2.439 0.901 
May 1997 64 logl0W = 3.910 logl& - 3.829 0.700 logloW = 3.387 logl& - 2.528 0.882 logloW= 3.513 logl& - 2.599 0.876 
August 1997 27 logloW = 2.307 log1& - 1.377 0.363 logl0W = 2.872 logl& - 1.833 0.789 logl0W = 2.705 logl& - 1.431 0.704 
October 1997 43 logloW = 3.936 logl& - 3.803 0.645 logloW = 2.867 logl& - 1.834 0.906 logloW = 3.163 logl& - 2.1 18 0.861 
November 1997 115 logloW = 3.265 logl& - 2.752 0.656 logloW = 2.985 logl& - 1.965 0.899 logloW = 3.078 logl& - 1.947 0.879 
December 1997 253 logloW = 3.374 logl& - 2.898 0.578 logloW = 2.759 logl& - 1.692 0.826 logioW= 2.976 log& - 1.833 0.789 
January 1998 304 logloW = 3.767 logl& - 3.452 0.670 logloW = 2.752 logl& - 1.645 0.877 logloW = 3.079 logl& - 1.950 0.862 
February 1998 316 l o b W =  3.742 logl& - 3.476 0.357 10g~~W= 2.909 logl& - 1.858 0.884 loglo@'= 3.154 log1& - 2.059 0.807 
Mmh 1998 196 logl0W = 3.584 logl& - 3.234 0.346 logl0W = 2.551 logl& - 1.341 0.819 logloW = 2.876 logl& - 1.654 0.746 
Combined all months logloW = 3.173 logl& - 1.958 0.808 
December 1996 
January 1997 
Febmary 1997 
April 1997 
May 1997 
August 1997 
October 1997 
November 1997 
December 1997 
January 1998 
February 1998 
March 1998 
Femaies 
Gonad mass somatic mass total tissue 
Month n Regression ft Regression ft Regression ft 
103 logl0W = 3.240 logl& - 2.706 0.598 logl0W= 2.940 logl& - 1.828 0.797 log^= 3.032 log& - 1.823 0.816 
- ." - - - - "  - - - -  
Combined ail months logloW = 3.127 logl& - 2.012 0.799 
Combined all data logl0W = 3.085 logl& - 1.958 0.808 
Acknowledgements 
Acknowledgements 
I thank Prof. Dr. Wolf Amtz for entrusting me with the subject of this work and trust 
provided during the Course of the study. I am very grateful to Dr. Tomas Brey for the good 
discussions and valuable comments On this thesis. 
Many people helped me during this study. Dr. Hosung Chung is thanked for helping with 
the identification of the algae. I also appreciate the endeavor of Dr. Dons Abele-Oeschger 
and Dr. Jens Kowalke for the valuable discussions. Thanks are also due to Claudia Tesch, 
Sven Thatje and JÃ¼rge Laudien for reading and correcting my poor English. I am also 
grateful to Dr. Myoung-Joo Lee, Nam-Ryol Choi and Young-Man Joo for their help in the 
field. 
Thanks to all colleagues, my friends and my family who supported me when things didn't 
work that well at times. I am grateful to Jens Kowalke, Teresa Jeri and Claudia Tesch for 
the valuable and enthusiastic discussions of life. 
Sincere thanks go to Shin Ae Kim and Myong-Ho Park, who kindly 'adopted' me as one of 
the family and offered continual help and encouragement. 
This study was partly supported by the Korean Ocean Research and Development Institute 
and by Alfred Wegener Institute for Polar and Marine Research. 
Folgende Hefte der Reihe ,,Berichte zur Polarforschung" 
sind bisher erschienen: 
* Sonderheft Nr. 111981 - Ã£Di Antarktis und ihr Lebensraum" 
Eine EinfÃ¼hrun fÃ¼ Besucher - Herausgegeben im Auftrag von SCAR 
* Heft Nr. 111982 - ,,Die Filchner-Schelfeis-Expedition 1980181" 
zusammengestellt von Heinz Kohnen 
* Heft Nr. U1982 - Ã£Deutsch Antarktis-Expedition 1980181 mit FS Ã£Meteor 
First International BIOMASS Experiment (FIBEX) - Liste der Zooplankton- und MikronektonnetzfÃ¤ng 
zusammengestellt von Norbert Klages 
* Heft Nr. 311982 - Ã£Digital und analoge Krill-Echolot-Rohdatenerfassung an Bord des Forschungs- 
schiffes ,Meteor'" (im Rahmen von FIBEX 1980181, Fahrtabschnitt ANT III), von Bodo Morgenstern 
Heft Nr. 411982 - ,,Filchner-Schelfeis-Expedition 1980181" 
Liste der PlanktonfÃ¤ng und LichtstÃ¤rkemessunge 
zusammengestellt von Gerd Hubold und H. Eberhard Drescher 
* Heft Nr. 511982 -"Joint Biological Expedition on RRS 'John Biscoe', February 1982" 
by G. Hempel and R. B. Heywood 
* Heft Nr. 611982 - Ã£Antarktis-Expeditio 1981182 (Unternehmen ,Eiswarte')" 
zusammengestellt von Gode Gravenhorst 
Heft Nr. 711982 - ,,Marin-Biologisches Begleitprogramm zur Standorterkundung I979180 mit MS ,Polar- 
sirkel' (Pre-Site Survey)" - Stationslisten der Mikronekton- und ZooplanktonfÃ¤ng sowie der Bodenfischerei 
zusammengestellt von R. Schneppenheim 
Heft Nr. 811983 - "The Post-Fibex Data Interpretation Workshop" 
by D. L. Cram and J.-C. Freytag with the collaboration of J. W. Schmidt, M. Mall, R. Kresse, T. Schwinghammer 
* Heft Nr. 911983 -"Distribution of some groups of zooplankton in the inner Weddell Sea in summer 1979180" 
by I. Hempel, G. Hubold, B. Kaczmaruk, R. Keller, R. Weigmann-Haass 
Heft Nr. 1011983 -,,Fluor im antarktischen Ã–kosystem - DFG-Symposium November 1982 
zusammengestellt von Dieter Adelung 
Heft Nr. 1111983 -"Joint Biological Expedition on RRS 'John Biscoe', February 1982 (11)'' 
Data of micronecton and zooplankton hauls, by Uwe Piatkowski 
Heft Nr. 1U1983 - Ã£Da biologische Programm der ANTARKTIS-I-Expedition 1983 mit FS ,Polarstern'" 
Stationslisten der Plankton-, Benthos- und GrundschleppnetzfÃ¤ng und Liste der Probennahme an Robben 
und VÃ¶geln von H. E. Drescher, G. Hubold, U. Piatkowski, J. PlÃ¶t und J. VoÃ 
* Heft Nr. 1311983 - Ã£Di Antarktis-Expedition von MS ,PolarbjÃ¶rn 1982183 (Sommerkampagne zur 
Atka-Bucht und zu den Kraul-Bergen), zusammengestellt von Heinz Kohnen 
* Sonderheft Nr. U1983 - Ã£Di erste Antarktis-Expedition von FS ,Polarstern3 (Kapstadt, 20. Januar 1983 - 
Rio de Janeiro, 25. MÃ¤r 1983)", Bericht des Fahrtleiters Prof. Dr. Gotthilf Hempel 
Sonderheft Nr. 311983 - Ã£Sicherhei und Ã¼berlebe bei Polarexpeditionen" 
zusammengestellt von Heinz Kohnen 
Heft Nr. 1411983 - Ã£Di erste Antarktis-Expedition (ANTARKTIS I) von FS ,Polarstern' 1982183 
herausgegeben von Gotthilf Hempel 
Sonderheft Nr. 411983 -"On the Biology of Krill Euphausia superba" - Proceedings of the Seminar 
and Report of the Krill Ecology Group, Bremerhaven 12. - 16. May 1983, edited by S. B. Schnack 
Heft Nr. 1511983 -"German Antarctic Expedition 1980181 with FRV 'Walther Herwig' and RV 'Meteor"' - 
First International BIOMASS Experiment (FIBEX) - Data of micronekton and zooplankton hauls 
by Uwe Piatkowski and Norbert Klages 
Sonderheft Nr. 511984 -"The observatories of the Georg von Neumayer Station", by Ernst Augstein 
Heft Nr. 1611984 - "FIBEX cruise zooplankton data" 
by U. Piatkowski, I. Hempel and S. Rakusa-Suszczewski 
* Heft Nr. 1711984 - Fahrtbericht (cruise report) der ,Polarstern'-Reise ARKTIS I, 1983 
von E. Augstein, G. Hempel und J. Thiede 
Heft Nr. 1811984 - Ã£Di Expedition ANTARKTIS II mit FS ,Polarstern' 1983184", 
Bericht von den Fahrtabschnitten 1, 2 und 3, herausgegeben von D. FÃ¼ttere 
Heft Nr. 1911984 - Ã£Di Expedition ANTARKTIS II mit FS ,Polarstern' 1983/84", 
Bericht vom Fahrtabschnitt 4, Punta Arenas-Kapstadt (Ant-11/4), herausgegeben von H. Kohnen 
Heft Nr. 2011984 - Ã£Di Expedition ARKTIS I1 des FS ,Polarstern' 1984, mit BeitrÃ¤ge des FS ,Valdivia' 
und des Forschungsflugzeuges ,Falcon 20' zum Marginal Ice Zone Experiment 1984 (MIZEX)" 
von E. Augstein, G. Hempel, J. Schwarz, J. Thiede und W. Weigel 
Heft Nr. 2111985 -"Euphausiid larvae in plankton from the vicinity of the Antarctic Penisula, 
February 1982 by Sigrid Marschall and Elke Mizdalski 
Heft Nr. 2U1985 - "Maps of the geographical distribution of macrozooplankton in the Atlantic sector of 
the Southern Ocean" by Uwe Piatkowski 
Heft Nr. 2311985 - Ã£Untersuchunge zur Funktionsmorphologie und Nahrungsaufnahme der Larven 
des Antarktischen Krills Euphausia superba Dana" von Hans-Peter Marschall 
Heft Nr. 2411985 - Ã£Untersuchunge zum Periglazial auf der KÃ¶nig-Georg-Inse SÃ¼dshetlandinseln 
Antarktika. Deutsche physiogeographische Forschungen in der Antarktis. - Bericht Ã¼be die Kampagne 
1983184" von Dietrich Barsch, Wolf-Dieter BlÃ¼rnel Wolfgang FlÃ¼gel Roland MÃ¤usbacher Gerhard 
StÃ¤blein Woifgang Zick 
Heft Nr. 2511985 - Ã£Di Expedition ANTARKTIS 1 1 1  mit FS ,Polarstern5 198411985" 
herausgegeben von Gotthilf Hernpel. 
Heft Nr. 2611985 - "The Southern Ocean"; A survey of oceanographic and marine rneteorological 
research work by Hellrner et al. 
* Heft Nr. 2711986 - ,,SpÃ¤tpleistozÃ¤ Sedirnentationsprozesse am antarktischen Kontinentalhang 
vor Kapp Norvegia, Ã¶stlich Weddell-See" von Hannes Grobe 
Heft Nr. 2811986 - Ã£Di Expedition ARKTIS 1 1 1  mit ,Polarstern' 1985 
mit BeitrÃ¤ge der Fahrtteilnehrner, herausgegeben von Rainer Gersonde 
* Heft Nr. 2911986 - ,,5 Jahre Schwerpunktprograrnrn ,Antarktisforschung3 
der Deutschen Forschungsgerneisnchaft." RÃ¼ckblic und Ausblick. 
Zusammengestellt von Gotthilf Hernpel, Sprecher des Schwerpunktprograrnrns 
Heft Nr. 3013986 -"The Meteorological Data of the Georg-von-Neurnayer-Station for 1981 and 1982" 
by Marianne Gube and Friedrich Obleitner 
' Heft Nr. 3111 986 - Ã£Zu Biologie der Jugendstadien der Notothenioidei (Pisces) an der 
Antarktischen Halbinsel" von A. Kellerrnann 
* Heft Nr. 3211986 - Ã£Di Expedition ANTARKTIS IV mit FS ,Polarstern' 1985186" 
mit BeitrÃ¤ge der Fahrtteilnehrner, herausgegeben von Dieter Futterer 
Heft Nr. 3311987 -,,Die Expedition ANTARKTIS-IV mit FS ,Polarstern' 1985186 - 
Bericht zu den Fahrtabschnitten ANT-IVl3-4" von Dieter Karl Futterer 
Heft Nr. 3411987 - ,,Zoogeographische Untersuchungen und Gerneinschaftsanalysen 
an antarktischen Makroplankton" von U. Piatkowski 
Heft Nr. 3511987 - Ã£Zu Verbreitung des Meso- und Makrozooplanktons in OberflÃ¤chenwasse 
der Weddell See (Antarktis)" von E. Boysen-Ennen 
Heft Nr. 3611987 - ,,Zur Nahrungs- und Bewegungsphysiologie von Salpa thompsoni und Salpa fusiformis" 
von M. Reinke 
Heft-Nr. 37/1987 - "The Eastern Weddell Sea Drifting Buoy Data Set of the Winter Weddell Sea Project 
(WWSP)" 1986 by Heinrich Hoeber und Marianne Gube-Lenhardt. 
Heft Nr. 3811987 - "The Meteorological Data of the Georg von Neurnayer Station for 1983 and 1984 
by M. Gube-Lenhardt 
Heft Nr. 3911987 - Ã£Di Winter-Expedition mit FS ,Polarstern' in die Antarktis (ANT VI1-3)" 
herausgegeben von Sigrid Schnack-Schiel 
Heft Nr. 4011987 - "Weather and Synoptic Situation during Winter Weddell Sea Project 1986 (ANT Vl2) 
July 16 - September 10, 1986" by Werner Rabe 
Heft Nr. 4111988 - Ã£Zu Verbreitung und Ã–kologi der Seegurken irn Weddellrneer (Antarktis)" von Julian Gutt 
Heft Nr. 42/1988 -"The zooplankton cornrnunity in the deep bathyal and abyssal zones 
of the eastern North Atlantic" by Werner Beckrnann 
* Heft Nr. 4311988 - "Scientific cruise report of Arctic Expedition ARK IV l3  
Wissenschaftlicher Fahrtbericht der Arktis-Expedition ARK IV/3, cornpiled by JÃ¶r Thiede 
* Heft Nr. 4411988 - "Data Report for FV 'Polarstern' Cruise ARK IVII, 1987 to the Arctic and Polar Fronts" 
by Hans-JÃ¼rge Hirche 
Heft Nr. 4511988 - Ã£Zoogeographi und Gemeinschaftsanalyse des Makrozoobenthos des Weddellrneeres 
(Antarktis)" von Joachirn VoÃ 
Heft Nr. 4611 988 - "Meteorological and Oceanographic Data of the Winter-Weddell-Sea Project 1986 
(ANT Vl3)" by Eberhard Fahrbach 
Heft Nr. 4711988 -,,Verteilung und Herkunft glazial-mariner GerÃ¶ll arn Antarktischen Kontinentalrand 
des Ã¶stliche Weddellrneeres" von Wolfgang Oskierski 
Heft Nr. 4811988 - Ã£Variatione des Erdrnagnetfeldes an der GvN-Station" von Arnold Brodscholl 
* Heft Nr. 4911988 - Ã£Zu Bedeutung der Lipide irn antarktischen Zooplankton" von Wilhelm Hagen 
* Heft Nr. 5011988 - Ã£Di gezeitenbedingte Dynamik des EkstrÃ¶rn-Schelfeises Antarktis" von Wolfgang Kobarg 
Heft Nr. 5111988 - Ã£Ã–kornorpholog nototheniider Fische aus dem Weddellmeer, Antarktis" von Werner Ekau 
Heft Nr. 52/1988 - ,,Zusammensetzung der Bodenfauna in der westlichen Fram-StraÃŸe 
von Dieter Piepenburg 
Heft Nr. 5311988 - Ã£Untersuchunge zur Ã–kologi des Phytoplanktons irn sÃ¼dÃ¶stlich Weddellrneer 
(Antarktis) irn Jan.1Febr. 1985" von Eva-Maria NÃ¶thi 
Heft Nr. 5411988 - ,,Die Fischfauna des Ã¶stliche und sÃ¼dliche Weddellrneeres: 
geographische Verbreitung, Nahrung und trophische Stellung der Fischarten" von Wiebke Schwarzbach 
Heft Nr. 5511 988 - "Weight and length data of zooplankton in the Weddell Sea 
in austral spring 1986 (Ant. V/3)" by Elke Mizdalski 
Heft Nr. 5611989 -"Scientific cruise report of Arctic expeditions ARK 1V11, 2 & 3 
by G. Krause, J. Meinke und J. Thiede 
Heft Nr. 5711989 - Ã£Di Expedition ANTARKTIS V mit FS ,Polarstern' 1986187' 
Bericht von den Fahrtabschnitten ANT Vl4-5 von H. Miller und H. Oerter 
* Heft Nr. 5811989 - Ã£Di Expedition ANTARKTIS VI mit FS ,Polarstern' 1987188" 
von D. K. FÃ¼ttere 
Heft Nr. 5911989 -,,Die Expedition ARKTIS Vlla, 1b und 2 mit FS ,Polarstern' 1988" 
von M. Spindler 
Heft Nr. 6011989 - Ã£Ei zweidimensionales Modell zur thermohalinen Zirkulation unter dem Schelfeis" 
von H. H. Hellmer 
Heft Nr. 6111989 -"Die Vulkanite im westlichen und mittleren Neuschwabenland, 
Vestfjella und Ahlmannryggen, Antarktika" von M. Peters 
* Heft Nr. 6211989 - "The Expedition ANTARKTIS Vll l l  and 2 (EPOS I) of RV 'Polarstern' 
in 1988/89", by I. Hempel 
Heft Nr. 6311989 - ,,Die Eisalgenflora des Weddellmeeres (Antarktis): Artenzusammensetzung und Biomasse 
sowie Ã–kophysiologi ausgewÃ¤hlte Arten" von Annette Bartsch 
Heft Nr. 6411989 - "Meteorological Data oi the G.-V.-Neumayer-Station (Antarctica)" by L. Helmes 
Heft Nr. 6511989 - "Expedition Antarktis Vlll3 in 1988189 by I. Hempel, P. H. Schalk, V. Smetacek 
Heft Nr. 6611989 - ,,Geornorphologisch-glazio ogische Detailkartierung 
aes arid-hochpolaren Boramassivet, Neuschwabenland, Antarktika" von Karsten Brunk 
Heft Nr. 6711990 - "Identification key and catalogue of larval Antarctic fishes", 
edited by Adolf Kellermann 
Heft Nr. 6811990 - "The Expedition Antarktis VIV4 (Epos leg 3) and VIV5 of RV 'Polarstern' in 1989", 
edited by W. Arntz, W. Ernst, I. Hernpel 
Heft Nr. 6911990 - Ã£AbhÃ¤ngigkeit elastischer und rheologischer Eigenschaften des Meereises vom 
EisgefÃ¼ge" von Harald Hellmann 
* Heft Nr. 7011990 - Ã£Di beschalten benthischen Mollusken (Gastropoda und Bivalvia) des 
Weddellmeeres, Antarktis", von Stefan Hain 
Heft Nr, 7111990 - ,,Sedirnentologie und PalÃ¤omagneti an Sedimenten der Maudkuppe (NordÃ¶stliche 
Weddellmeer)", von Dieter Cordes 
Heft Nr. 7211990 -"Distribution and abundance of planktonic copepods (Crustacea) in the Weddell Sea 
in summer 1980181", by F. Kurbjeweit and S. Ali-Khan 
Heft Nr. 7311990 - -Zur FrÃ¼hdiagenes von organischem Kohlenstoff und Opal in Sedimenten des sÃ¼dliche 
und Ã¶stliche Weddellmeeres", von M. SchlÃ¼te 
Heft Nr. 7411990 - Ã£Expeditione ANTARKTIS-VIIIl3 und Vllll4 mit FS ,Polarstern' 1989 
von Rainer Gersonde und Gotthilf Hempel 
Heft Nr. 7511991 -,,QuartÃ¤r Sedimentationsprozesse am Kontinentalhang des SÃ¼d-Orkey-Plateau im 
nordwestlichen Weddellmeer (Antarktis)", von Sigrun Grunig 
Heft Nr. 7611990 - J.3gebnisse der faunistischen Arbeiten irn Benthal von King George Island 
(SÃ¼dshetlandinseln Antarktis)", von Martin Rauschert 
Heft Nr. 7711990 -,,Verteilung von Mikroplankton-Organismen nordwestlich der Antarktischen Halbinsel 
unter dem EinfluÃ sich Ã¤ndernde Umweltbedingungen im Herbst", von Heinz KlÃ¶se 
Heft Nr. 7811991 - ,,HochauflÃ¶send Magnetostratigraphie spÃ¤tquartÃ¤r Sedimente arktischer 
Meeresgebiete", von Norbert R. Nowaczyk 
Heft Nr. 7911991 - ,,Ã–kophysiologisch Untersuchungen zur SalinitÃ¤ts und Temperaturtoleranz 
antarktischer GrÃ¼nalge unter besonderer BerÃ¼cksichtigun des ÃŸ-Dimethylsulfoniumpropiona 
(DMSP) - Stoffwechsels", von Ulf Karsten 
Heft Nr. 8011991 - Ã£Di Expedition ARKTIS Vll l l  mit FS Polarstern' 199OC', 
herausgegeben von JÃ¶r Thiede und Gotthilf Hempel 
Heft Nr. 8111991 - ,,PalÃ¤oglaziologi und PalÃ¤ozeanographi im SpÃ¤tquartÃ am Kontinentalrand des 
sÃ¼dliche Weddelmeeres, Antarktis", von Martin Melles 
Heft-Nr. 82/1991 - "Quantifizierung von Meereseigenschaften: Automatische Bildanalyse von 
DÃ¼nnschnitte und Parametrisierung von Chlorophyll- und Salzgehaltsverteilungen", von Hajo Eicken. 
Heft Nr. 8311991 - Ã£Da FlieÃŸe von Schelfeisen - numerische Simulationen 
mit der Metholde der finiten Differenzen", von JÃ¼rge Determann 
Heft Nr. 8411991 - Ã£Di Expedition ANTARKTIS-VIII/I-2, 1989 mit der Winter Weddell Gyre Study 
der Forschungsschiffe ,Polarstern' und ,Akademik Fedorov'", von Ernst Augstein, 
Nikolai Bagriantsev und Hans Werner Schenke 
Heft Nr. 8511991 - Ã£Zu Entstehung von Unterwassereis und das Wachstum und die Energiebilanz 
des Meereises in der Atka Bucht, Antarktis", von Josef Kipfstuhl 
* Heft Nr. 8611991 - Ã£Di Expedition ANTARKTIS-VIII mit FS ,Polarstern' 1989190. Bericht vom 
Fahrtabschniti ANT-VIII15", von Heinz Miller und Hans Oerter 
Heft Nr. 8711991 - "Scientific cruise reports of Arctic expeditions ARK Vl l l -4 of RV 'Polarstern' 
in 1989", edited by G. Krause, J. Meincke & H. J. Schwarz 
Heft Nr. 8811991 - Ã£Zu Lebensgeschichte dominanter Copepodenarten (Calanus finmarchicus, 
C. glacialis, C. hyperboreus, Metridia longa) in der FrarnstraÂ§el' von Sabine Diel 
Heft Nr. 8911991 - Ã£Detailliert seismische Untersuchungen am Ã¶stliche Kontinentalrand 
des Weddell-Meeres vor Kapp Norvegia, Antarktis", von Norbert E. Kaul 
Heft Nr. 9011991 - Ã£Di Expedition ANTARKTIS-VIII mit FS ,Polarstern' 1989190. 
Bericht von den Fahrtabschnitten ANT-VIIIl6-i", herausgegeben von Dieter Karl FÃ¼ttere 
und Otto Schrems 
Heft Nr. 9111991 -"Blood physiology and ecological consequences in Weddell Sea fishes (Antarctica)", 
by Andreas Kunzmann 
Heft Nr. 9211991 - Ã£Zu sommerlichen Verteilung des Mesozooplanktons im Nansen-Becken, 
Nordpolarmeer", von Nicolai Mumm 
Heft Nr. 9311991 - Ã£Di Expedition ARKTIS VII mit FS ,Polarstern', 1990. 
Bericht vom Fahrtabschnitt ARK VIIl2, herausgegeben von Gunther Krause 
Heft Nr. 9411991 - Ã£Di Entwicklung des Phytoplanktons im Ã¶stliche Weddellmeer (Antarktis) 
beim Ãœbergan vom SpÃ¤twinte zum FrÃ¼hjahr" von Renate Scharek 
Heft Nr. 9511991 - ,,Radioisotopenstratigraphie, Sedimentologie und Geochemie jungquartÃ¤re 
Sedimente des Ã¶stliche Arktischen Ozeans", von Horst Bohrmann 
Heft Nr. 9611991 -,,HolozÃ¤n Sedimentationsentwicklung im Scoresby Sund, Ost-GrÃ¶nland" 
von Peter Marienfeld 
Heft Nr. 9711991 -,,Strukturelle Entwicklung und AbkÃ¼hlungsgeschicht von Heimefrontfjella 
(Westliches Dronning Maud LandIAntarktika)", von Joachim Jacobs 
Heft Nr. 9811991 - Ã£Zu Besiedlungsgeschichte des antarktischen Schelfes am Beispiel der 
Isopoda (Crustacea, Malacostraca)", von Angelika Brandt 
* Heft Nr. 9911 992 - "The Antarctic ice sheet and environmental change: a three-dimensional 
modelling study", by Philippe Huybrechts 
* Heft Nr. 10011992 - Ã£Di Expeditionen ANTARKTIS 1x11-4 des Forschungsschiffes ,Polarstern' 
1990191" herausgegeben von Ulrich Bathmann, Meinhard Schulz-Baldes, 
Eberhard Fahrbach, Victor Smetacek und Hans-Wolfgang Hubberten 
Heft Nr. 10111992 - Ã£Wechselbeziehunge zwischen Schwermetallkonzentrationen 
(Cd, Cu, Pb, Zn) im Meerwasser und in Zooplanktonorganismen (Copepoda) der 
Arktis und des Atlantiks", von Christa Pohl 
Heft Nr. 10211992 - ,,Physiologie und Ultrastruktur der antarktischen GrÃ¼nalg 
Prasiola crispa ssp. antarctica unter osmotischem StreÃ und Austrocknung", von Andreas Jacob 
* Heft Nr. 10311992 -,,Zur Ã–kologi der Fische im Weddellmeer", von Gerd Hubold 
Heft Nr. 10411992 - ,,Mehrkanalige adaptive Filter fÃ¼ die UnterdrÃ¼ckun von multiplen Reflexionen 
in Verbindung mit der freien OberflÃ¤ch in marinen Seismogrammen", von Andreas Rosenberger 
Heft Nr. 10511992 -"Radiation and Eddy Flux Experiment 1991 
(REFLEX /J', von JÃ¶r Hartmann, Christoph Kottmeier und Christian Wamser 
Heft Nr. 10611992 - ,,Ostracoden im Epipelagial vor der Antarktischen Halbinsel - ein Beitrag zur 
Systematik sowie zur Verbreitung und Populationsstruktur unter BerÃ¼cksichtigun der SaisonalitÃ¤t" 
von RÃ¼dige Kock 
* Heft Nr. 10711992 - ,,ARCTIC '91: Die Expedition ARK-V11113 mit FS ,Polarstern' 1991", 
von Dieter K. FÃ¼ttere 
Heft Nr. 10811992 - ,,Dehnungsbeben an einer StÃ¶rungszon im EkstrÃ¶m-Schelfei nÃ¶rdlic der 
Georg-von-Neumayer-Station, Antarktis. - Eine Untersuchung mit seismologischen und geodÃ¤tische 
Methoden", von Uwe Nixdorf. 
Heft Nr. 10911992 - ,,SpÃ¤tquartÃ¤ Sedimentation am Kontinentalrand des sÃ¼dÃ¶stlich 
Weddellmeeres, Antarktis", von Michael Weber. 
* Heft Nr. 11011992 - ,,Sedimentfazies und Bodenwasserstrom am Kontinentalhang des 
norwestlichen Weddellmeeres", von Isa Brehme. 
Heft Nr. 1 1  111992 - Ã£Di Lebensbedingungen in den SolekanÃ¤lche des antarktischen Meereises", 
von JÃ¼rge Weissenberger. 
Heft Nr. 11211992 - Ã£Zu Taxonomie von rezenten benthischen Foraminiferen aus dem 
Nansen Becken, Arktischer Ozean", von Jutta Wollenburg. 
Heft Nr. 11311992 - Ã£Di Expedition ARKTIS Vll l l l  mit FS ,Polarstern' 199Iu, 
herausgegeben von Gerhard Kattner. 
' Heft Nr. 11411992 - Ã£Di GrÃ¼ndungsphas deutscher Polarforschung, 1865 - 1875", 
von Reinhard A. Krause. 
Heft Nr. 11511992 - "Scientific Cruise Report of the 1991 Arctic Expedition ARK VIIIl2 
of RV 'Polarstern' (EPOS II)", by Eike Rachor. 
Heft Nr. 11611992 - "The Meteorological Data of the Georg-von-Neumayer-Station (Antarctica) 
for 1988, 1989, 1990 and 1991", by Gert KÃ¶nig-Langlo 
Heft Nr. 11711992 - ,,Petrogenese des metamorphen Grundgebirges der zentralen Heimefrontfjella 
(westliches Dronning Maud Land 1 Antarktis)", von Peter Schulze. 
Heft Nr. 11811993 - Ã£Di mafischen GÃ¤ng der Shackleton Range I Antarktika: Petrographie, 
Geochemie, Isotopengeochemie und PalÃ¤omagnetik" von RÃ¼dige Hotten. 
* Heft Nr. 11911993 - ,,Gefrierschutz bei Fischen der Polarmeere", von Andreas P. A. WÃ¶hrmann 
* Heft Nr. 12011993 -"Esst Siberian Arct;c Region Expedition '92: The Laptev Sea - its Significance for 
Arctic Sea-Ice Formation and Transpolar Sediment Flux", by D. Dethleff, D. NÃ¼rnberg E. Reimnitz, 
M. Saarso and Y. P. Sacchenko. - "Expedition to Novaja Zemlja and Franz Josef Land with 
RV. 'Dalnie Zelentsy"', by D. NÃ¼rnber and E. Groth. 
* Heft Nr. 12111993 --Die Expedition ANTARKTIS XI3 mit FS ,Polarstern' 1992" herausgegeben von 
Michael Spindler, Gerhard Dieckmann und David Thomas 
Heft Nr. 122/1993 - Ã£Di Beschreibung der Korngestalt mit Hilfe der Fourier-Analyse: Parametrisierung 
der morphologischen Eigenschaften von Sedimentpartikeln", von Michael Diepenbroek. 
Heft Nr. 12311993 - Ã£ZerstÃ¶rungsfre hochauflÃ¶send Dichteuntersuchungen mariner Sedimente", 
von Sebastian Gerland. 
Heft Nr. 12411993 - Ã£Umsat und Verteilung von Lipiden in arktischen marinen Organismen unter 
besonderer BerÃ¼cksichtigun unterer trophischer Stufen", von Martin Graeve. 
Heft Nr. 12511 993 - Ã£Okologi und Respiration ausgewÃ¤hlte arktischer Bodenfischarten", 
von Christian F. von Dorrien. 
Heft Nr. 12611993 - Ã£Quantitativ Bestimmung von PalÃ¤oumweltparameter des Antarktischen 
OberflÃ¤chenwasser im SpÃ¤tquartie anhand von Transferfunktionen mit Diatomeen", von Ulrich Zielinski 
* Heft Nr. 12711993 - ,,Sedimenttransoort durch das arktische Meereis: Die rezente lithoaene 
und biogene Materialfracht", von lngo Wollenburg. 
Heft Nr. I2811993 - "Cruise ANTARKTIS XI3 of RV 'Polarstern': CTD-Report", von Marek Zwierz. 
Heft Nr. 12911993 - Ã£Reproduktio und Lebenszyklen dominanter Copepodenarten aus dem 
Weddellmeer, Antarktis", von Frank Kurbjeweit 
Heft Nr. 13011993 - Ã£Untersuchunge zu Temperaturregime und Massenhaushalt des 
Filchner-Ronne-Schelfeises, Antarktis, unter besonderer BerÃ¼cksichtigun von Anfrier- und 
Abschmelzprozessen", von Klaus Grosfeld 
Heft Nr. 13111993 - Ã£Di Expedition ANTARKTIS XI5 mit FS ,Polarstern' 1992", 
herausgegeben von Rainer Gersonde 
Heft Nr. 132/1993 - Ã£Bildun und Abgabe kurzkettiger halogenierter Kohlenwasserstoffe durch 
Makroalgen der Polarregionen", von Frank Laturnus 
Heft Nr. 13311994 -"Radiation and Eddy Flux Experiment 1993 (REFLEX I/)", 
by Christoph Kottmeier, JÃ¶r Hartmann, Christian Wamser, Axel Bochert, Christof LÃ¼pkes 
Dietmar Freese and Wolfgang Cohrs 
Heft Nr. 13411994 -"The Expedition ARKTIS-IWI", edited by Hajo Eicken and Jens Meincke 
Heft Nr. 13511994 - Ã£Di Expeditionen ANTARKTIS W6-8", herausgegeben von Ulrich Battimann, 
Victor Smetacek, Hein de Baar, Eberhard Fahrbach und Gunter Krause 
Heft Nr. 13611994 - Ã£Untersuchunge zur ErnÃ¤hrungsÃ¶kolog von Kaiserpinguinen (Aptenodytes forsten) 
und KÃ¶nigspinguine (Aptenodytes patagonicus)", von Klemens PÃ¼t 
Heft Nr. 13711994 - Ã£Di kÃ¤nozoisch Vereisungsgeschichte der Antarktis", von Werner U. Ehrmann 
Heft Nr. 13811994 - ,,Untersuchungen stratosphÃ¤rische Aerosole vulkanischen Ursprungs und polarer 
stratosphÃ¤rische Wolken mit einem MehrwellenlÃ¤ngen-Lida auf Spitzbergen (79' N, IZO E)", 
von Georg Beyerle 
Heft Nr. 13911994 - Ã£Charakterisierun der Isopodenfauna (Crustacea, Malacostraca) 
des Scotia-Bogens aus biogeographischer Sicht: Ein multivariater Ansatz", von Holger Winkler. 
Heft Nr. 14011994 - Ã£Di Expedition ANTARKTIS XI4 mit FS ,Polarstern' 1992", 
herausgegeben von Peter Lemke 
Heft Nr. 14111994 - ,,Satellitenaltimetrie Ã¼be Eis - Anwendung des GEOSAT-Altimeters Ã¼be dem 
EkstrÃ¶misen Antarktis", von Clemens Heidland 
Heft Nr. 14211994 - "The 1993 Northeast Water Expedition. Scientific cruise report of RV 'Polartstern' 
Arctic cruises ARK 1x12 and 3, USCG 'Polar Bear' cruise NEWP and the NEWLand expedition", 
edited by Hans-JÃ¼rge Hirche and Gerhard Kattner 
Heft Nr. 14311994 - ,,Detaillierte refraktionsseismische Untersuchungen im inneren Scoresby Sund 
Ost-GrÃ¶nland" von Notker Fechner 
Heft Nr. 14411994 -"Russian-German Cooperation in the Siberian Shelf Seas: Geo-System 
Laptev Sea", edited by Heidemarie Kassens, Hans-Wolfgang Hubberten, Sergey M. Pryamikov 
and RÃ¼dige Stein 
Heft Nr. 14511994 -"The 1993 Northeast Water Expedition. Data Report of RV ,Polarsternv 
Arctic Cruises IW2 and 3", edited by Gerhard Kattner and Hans-JÃ¼rge Hirche. 
Heft Nr. I4611994 -"Radiation Measurements at the German Antarctic Station Neumayer 
1982 - 1992", by Torsten Schmidt and Gerd KÃ¶nig-Langlo 
Heft Nr. 14711994 - ,,Krustenstrukturen und Verlauf des Kontinentalrandes im 
Weddell-Meer 1 Antarktis", von Christian HÃ¼bscher 
Heft Nr. 14811994 -"The expeditions NORILSK/TAYMYR 1993 and BUNGER OASIS 1993194 
of the AWI Research Unit Potsdam", edited by Martin Melles. 
Heft Nr. 14911994 - Ã£Di Expedition ARCTIC '93. Der Fahrtabschnitt ARK-1x14 mit 
FS ,Polarstern' 1993, herausgegeben von Dieter K. FÃ¼tterer 
Heft Nr. 15011994 - Ã£De Energiebedarf der Pygoscelis-Pinguine: eine Synopse", von Boris M. Culik. 
Heft Nr. 15111994 -"Russian-German Cooperation: The Transdrift l Expedition to the Laptev Sea", 
edited by Heidemarie Kassens and Valeriy Y. Karpiy. 
Heft Nr. 152/1994 - Ã£Di Expedition ANTARKTIS-X mit FS ,Polarstern' 1992. Bericht von den 
Fahrtabschnitten I ANT-X I 1a und 2 ,  herausgegeben von Heinz Miller. 
Heft Nr. 15311994 - Ã£AminosÃ¤ur und Huminstoffe im Stickstoffkreislauf polarer Meere", 
von Ulrike Hubberten. 
Heft Nr. 15411994 -"Regional and seasonal variability in the vertical distribution of mesozooplankton 
in the Greenland Sea", by Claudio Richter. 
Heft Nr.  15511995 - ,,Benthos in polaren GewÃ¤ssern" herausgegeben von Christian Wiencke und Wolf Arntz. 
Heft Nr.  15611995 -"An adjoint model for the determination of the mean oceanic circulation, air-sea 
fluxes and mixing coefficients", by Reiner Schlitzer. 
Heft Nr.  15711995 - Ã£Biochemisch Untersuchungen zum Lipidstoffwechsel antarktischer Copepoden", 
von Kirsten Fahl. 
** Heft Nr.  15811995 - Ã£Di Deutsche Polarforschung seit der Jahrhundertwende und der EinfluÃ Erich von Drygalskis", 
von Cornelia LÃ¼decke 
* Heft Nr.  15911995 - "The distribution of a"0 in the Arctic Ocean: Implications for the freshwater balance of the halocline 
and the sources of deep and bottom waters", by Dorothea Bauch. 
* Heft Nr. 16011995 - Ã£Rekonstruktio der spÃ¤tquartÃ¤r Tiefenwasserzirkulation und Produktivitiit irn Ã¶stliche 
SÃ¼datlanti anhand von benthischen Foraminiferenvergesellschaftungen", von Gerhard Schmiedl. 
Heft Nr. I6111995 - Ã£Dc EinfluÃ von SalinitÃ¤ und LichtintensitÃ¤ auf die Osmolytkonzentrationen, die Zellvolumina 
und die Wachstumsraten der antarktischen Eisdiatomeen Chaetoceros s,g. und Navicula sp. unter besonderer 
BerÃ¼cksichtigun der AminosÃ¤ur Prolin", von JÃ¼rge Nothnagel. 
Heft Nr.  16211995 - ,,Meereistransportiertes lithogenes Feinmaterial in spÃ¤tquartÃ¤r Tiefseesedimenten des zentralen 
Ã¶stliche Arktischen Ozeans und der FramstraÃŸc" von Thomas Letzig. 
Heft Nr.  16311995 -,,Die Expedition ANTARKTIS-XI12 mit FS ,Polarstern' 1993/94", 
herausgegeben von Rainer Gersonde. 
Heft Nr. 16411995 - Ã£Regional und altersabhÃ¤ngig Variation gesteinsn~agnetischer Parameter in marinen 
Sedimenten der Arktis", von Thomas Frederichs. 
Heft Nr. 16511995 - Ã£Vorkommen Verteilung und Umsatz biogener organischer Spurenstoffe: Sterole in antarktischen 
GewÃ¤ssern" von Georg Hanke. 
Heft Nr.  I6611995 - Ã£Vergleichend Untersuchungen eines optimierten dynamisch-thermodynamischen Meereismodells 
mit Beobachtungen im Weddellmeer", von Holger Fischer. 
* Heft Nr.  16711995 - Ã£Rekonstruktione von PalÃ¤o-Umweltparameter anhand von stabilen Isotopen und 
Faunen-Vergesellschaftungen planktischer Foraminiferen im SÃ¼datlantik" von Hans-Stefan Niebler 
Heft Nr.  16811995 - Ã£Di Expedition ANTARKTIS XI1 mit FS ,Polarstern' 1993194. 
Bericht von den Fahrtabschnitten ANT Xll l l  und 2 ,  herausgegeben von Gerhard Kattner und D~eter Karl FÃ¼ttere 
Heft Nr.  16911995 - Ã£Medizinisch Untersuchung zur Circadianrhythmik und zum Verhalten bei Uberwinterern auf einer 
antarktischen Forschung~station'~, von Hans Wortmann 
Heft-Nr. I7011995 - DFG-Kolloquium: Terrestrische Geowissenschaften - Geologie und Geophysik der Antarktis. 
Heft Nr. 17111995 - ,,Strukturentwicklung und Petrogenese des metamorphen Grundgebirges der nÃ¶rdliche 
Heimfrontfjella (westliches Dronning Maud LandIAntarktika)", von Wilfried Bauer. 
Heft Nr.  17211995 - Ã£Di Struktur der Erdkruste im Bereich des Scoresby Sund, OstgrÃ¶nland 
Ergebnisse refraktionsseismischer und gravimetrischer Untersuchungen", von Holger Mandler. 
Heft Nr.  17311995 - Ã£Pal?iozoisch Akkretion am pal$opazifischen Kontinentalrand der Antarktis in Nordvictorialand 
- P-T-D-Geschichte und Deformationsmechanismen im Bowers Terrane", von Stefan Matzer. 
Heft Nr.  17411995 -"The Expedition ARKTIS-XI2 of RV 'Polarstern'in 1994" edited by Hans-W. Hubberten 
Heft Nr.  17511995 - "Russian-German Cooperation: The Expedition TAYMYR 1994", edited by Chrisline Siegert 
and Gmitry Bolshiyanov. 
* Heft Nr.  17611995 - "Russian-German Cooperation: Laptev Sea System", edited by Heidernarie Kassens, 
Dieter Piepenburg, JÃ¶r Thiede, Leonid Timokhov, Hans-Wolfgang Hubberten and Sergey M. Priamikov. 
Heft Nr.  17711995 - Ã£Organische Kohlenstoff in spÃ¤tquartÃ¤r Sedimenten des Arktischen Ozeans: Terrigener Eintrag 
und marine ProduktivitÃ¤t" von Carsten J. Schubert 
Heft Nr. 17811995 -"Cruise ANTARKTIS XI114 of RV 'Polarstern'in 1995: CTD-Report, by JÃ¼r Sildam. 
Heft Nr.  17911995 - ,,Benthische Foraminiferenfaunen als Wassermassen-, Produktions- und Eisdriftanzeiger im Arkti- 
schen Ozean", von Jutta Wollenburg. 
Heft Nr.  18011995 - ,,Biogenopal und biogenes Barium als Indikatoren fÃ¼ spÃ¤tquartÃ¤ ProduktivitiitsÃ¤nderunge an1 
antarktischen Kontinentalhang, atlantischer Sektor", von Wolfgang J. Bonn. 
Heft Nr.  18111995 - Ã£Di Expedition ARKTIS X/1 des Forschungsschiffes ,Polarstern' 1994", 
herausgegeben von Eberhard Fahrbach. 
Heft Nr .  18211995 -"Laptev Sea System: Expeditions in 1994", edited by Heidsmarie Kassens. 
Heft Nr.  18311996 - Ã£Interpretatio digitaler Parasound Echolotaufzeichnungen im Ã¶stliche Arktischen Ozean auf der 
Grundlage physikalischer Sedimenteigenschaften", von Uwe Bergmann. 
Heft Nr.  18411996 -"Distribution and dynamics of inorganic nitrogen compounds in the troposphere of ccntinental, 
coastal, marine and Arctic areas", by Maria Dolores Andres Hernandez. 
Heft Nr.  18511996 -",,Verbreitung und Lebensweise der Aphroditen und Polynoiden (Polychaeta) im Ã¶stliche Weddell- 
meer und irn Lazarevmeer (Antarktis)", von Michael Stiller, 
Heft Nr.  I8611996 - "Reconstruction of Late Quaternary environmental conditions applying the natural radionuclides 
"'Th, "Be, 2''Pa and 23aU: A study of deep-sea sediments from ttie eastern sector of the Antarctic Circumpolar Current 
System", by Martin Frank. 
Heft Nr.  18711996 -"The Meteorological Data of the Neumayer Station (Antarctica) for 1992, 1993 and 1994", 
by Gert KÃ¶nig-Lang1 and Andreas Herber. 
Heft Nr.  18811996 - Ã£Di Expedition ANTARKTIS-XI13 mit FS ,Polarstern' 1994", 
herausgegeben von Heinz Miller und Hannes Grobe. 
Heft Nr.  I8911996 - Ã£Di Expedition ARKTIS-V1113 mit FS ,Polarstern' 1990, 
herausgegeben von Heinz Miller und Hannes Grobe 
Heft Nr. 19011996 -"Cruise report of the Joint Chilean-German-ltalian Magellan ,Victor Hensen' Campaign in 1994", 
edited by Wolf Arntz and Matthias Gorny. 
Heft Nr. 19111996 - ,,LeitfÃ¤higkeits und Dichtemessung an Eisbohrkernen", von Frank Wilhelms. 
Heft Nr. 19211996 - ,,Photosynthese-Charakteristika und Lebensstrategie antarktischer Makroalgen", 
von Gabriele Weykam. 
Heft Nr. 19311996 - Ã£Heterogen Reaktionen von N205 und Hbr und ihr EinfluÃ auf den Ozonabbau in der polaren 
StratosphÃ¤re" von Sabine Seisel. 
Heft Nr. 19411996 - Ã£Ã–kolog und Populationsdynamik antarktischer Ophiuroiden (Echinodermata)", 
von Corinna Dahm. 
Heft Nr. 19511996 - Ã£Di planktische Foraminifere Neogloboquadrina pachyderma (Ehrenberg) im Weddellmeer, 
Antarktis", von Doris Berberich. 
Heft Nr. 19611996 -,,Untersuchungen zum Beitrag chemischer und dynamischer Prozesse zur VariabilitÃ¤ des 
stratosphÃ¤rische Ozons Ã¼be der Arktis", von Birgit Heese 
Heft Nr. 19711996 -"The Expedition ARKTIS-XI12 of 'Polarstern'in 1995", edited by Gunther Krause. 
Heft Nr. 19811 996 - Ã£Geodynami des Westantarktischen Riftsystems basierend auf Apatit-Spaltspuranalysen", 
von Frank Lisker. 
Heft Nr. 19911996 -"The 1993 Northeast Water Expedition. Data Report on CTD Measurements of RV 'Polarstern' 
Cruises ARKTIS 1x12 and 3", by Gerion Budeus and Wolfgang Schneider. 
Heft Nr. 20011996 -"Stability of the Thermohaline Circulation in analytical and numerical models", by Gerrit Lohmann. 
Heft Nr. 20111996 -,,Trophische Beziehungen zwischen Makroalgen und Herbivoren in der Potter Cove 
(King George-Insel, Antarktis)", von Katrin Iken. 
Heft Nr. 20211996 - ,,Zur Verbreitung und Respiration Ã¶kologisc wichtiger Bodentiere in den GewÃ¤sser um 
Svalbard (Arktis)", von Michael K. Schmid. 
* Heft Nr. 20311996 - Ã£Dynamik Rauhigkeit und Alter des Meereises in der Arktis - Numerische Untersuchungen mit 
einem groÃŸskalige Modell", von Markus Harder. 
Heft Nr. 20411996 - Jur Parametrisierung der stabilen atmosphÃ¤rische Grenzschicht Ã¼be einem antarktischen 
Schelfeis", von DÃ¶rth Handorf. 
Heft Nr. 20511996 -"Textures and fabrics in the GRIP ice core, in relation to climate history and ice deformation". 
by Thorsteinn Thorsteinsson. 
Heft Nr. 20611996 - Ã£De Ozean als Teil des gekoppelten Klimasystems: Versuch der Rekonstruktion der glazialen 
Zirkulation mit verschieden komplexen AtmosphÃ¤renkomponenten" von Kerstin Fieg. 
Heft Nr. 20711996 - ,,Lebensstrategien dominanter antarktischer Oithonidae (Cyclopoida, Copepoda) und Oncaeidae 
(Poecilostomatoida, Copepoda) im Bellingshausenmeer", von Cornelia Metz. 
Heft Nr. 20811996 - ,,AtmosphÃ¤reneinflu bei der Fernerkundung von Meereis mit passiven Mikrowellenradiometern", 
von Christoph Oelke. 
Heft Nr. 20911996 - Ã£Klassifikatio von Radarsatellitendaten zur Meereiserkennung mit Hilfe von LIne-Scanner-Messun- 
gen", von Axel Bochert. 
Heft Nr. 21011996 - Ã£Di mit ausgewÃ¤hlte SchwÃ¤mme (Hexactinellida und Demospongiae) aus dem Weddellmeer, 
Antarktis, vergesellschaftete Fauna", von Kathrin Kunzmann. 
Heft Nr. 21111996 -"Russian-German Cooperation: The Expedition TAYMYR 1995 and the Expedition KOLYMA 1995". 
by Dima Yu. Bolshiyanov and Hans-W. Hubberten. 
Heft Nr. 21211996 - "Surface-sediment composition and sedimentary processes in the central Arctic Ocean and along 
the Eurasian Continental Margin", by Ruediger Stein, Gennadij I. Ivanov, Michael A. Levitan, and Kirsten Fahl. 
Heft Nr. 21311996 - ,,Gonadenentwicklung und Eiproduktion dreier Calanus-Arten (Copepoda): Freilandbeobachtungen, 
Histologie und Experimente", von Barbara Niehoff 
Heft Nr. 21411996 - Ã£Numerisch Modellierung der Ãœbergangszon zwischen Eisschild und Eisschelf", von Christoph 
Mayer. 
Heft Nr. 21511996 - Ã£Arbeite der AWI-Forschungsstelle Potsdam in Antarktika, 1994/95", herausgegeben von Ulrich 
Wand. 
Heft Nr. 21611996 - Ã£Rekonstruktio quartÃ¤re KlirnaÃ¤nderunge im atlantischen Sektor des SÃ¼dpolarmeere anhand 
von Radiolarien", von Uta Brathauer. 
Heft Nr. 21711996 - ,,Adaptive Semi-Lagrange-Finite-Elemente-Methode zur LÃ¶sun der Flachwassergleichungen: 
Implementierung und Parallelisierung", von JÃ¶r Behrens. 
Heft Nr. 21811997 -"Radiation and Eddy Flux Experiment 1995 (REFLEX III)", by JÃ¶r Hartmann, Axel Bochert, 
Dietmar Freese, Christoph Kottmeier, Dagmar Nagel and Andreas Reuter. 
Heft Nr. 21911997 -%Die Expedition ANTARKTIS-XI1 mit FS ,Polarstern' 1995. Bericht vom Fahrtabschnitt ANT-XIIl3, 
herausgegeben von Wilfried Jokat und Hans Oerter. 
Heft Nr. 22011997 - Ã£Ei Beitrag zum Schwerefeld im Bereich des Weddellmeeres, Antarktis. 
Nutzung von Altimetermessungen des GEOSAT und ERS-I", von Tilo SchÃ¶ne 
Heft Nr. 22111997 - Ã£Di Expeditionen ANTARKTIS-XIIIII-2 des Forschungsschiffes ,Polarstern' 1995/96", 
herausgegeben von Ulrich Bathmann, Mike Lukas und Victor Smetacek. 
Heft Nr. 22211997 - "Tectonic Structures and Glaciomarine Sedimentation in the South-Eastern Weddell Sea from 
Seismic Reflection Data", by Laszlo Oszko. 
Hef t  Nr.  22311997 - Ã£Bestimmun der Meereisdicke mit seismischen und elektromagnetisch-induktiven Verfahren", 
von Christian Haas. 
Hef t  Nr.  22411997 - Ã£TroposphÃ¤risc Ozonvariationen in Polarregionen", von Silke Wessel. 
Hef t  Nr.  22511997 - ,,Biologische und Ã¶kologisch Untersuchungen zur kryopelagischen Amphipodenfauna des 
arktischen Meereisesr', von Michael Poltermarin. 
H e f t  Nr. 22611997 -"Scientific Cruise Report of the Arctic Expedition ARK-XI11 of RV 'Polarstern' in 1995", 
edited by Eike Rachor. 
Hef t  Nr.  22711997 - Ã£De EinfluÃ kompatibler Substanzen und Kryoprotektoren auf die Enzyme Malatdehydrogenase 
(MDH) und Glucose-6-pliosphat-Dehydrogenase (G6P-DH) aus Acrosiphonia arcta (Chlorophyta) der Arktis", 
von Katharina KÃ¼ck 
Hef t  Nr.  22811997 - Ã£Di Verbreitung epibenthischer Mollusken im chilenischen Beagle-Kanal", von Katrin Linse. 
Hef t  Nr. 22911997 --Das Mesozooplankton im Laptevrneer und Ã¶stliche Nansen-Becken - Verteilung und 
Gerneinschaftsstrukturen im SpÃ¤tsommer" von Hinrich Hanssen. 
H e f t  Nr.  23011997 - ,,Modell eines adaptierbaren, rechnergestÃ¼tzten wissenschaftlichen Arbeitsplatzes am 
Alfred-Wegener-Institut fÃ¼ Polar- und Meeresforschung", von Lutz-Peter Kurdelski 
Hef t  Nr.  231-11997 - Ã£Zu Ã–kologi arktischer und antarktischer Fische: AktivitÃ¤t Sinnesleistungen und Verhalten". 
von Christopher Zimmermann 
H e f t  Nr.  23211997 - Ã£Persistent chlororganische Verbindungen in hochantarktischen Fischen", 
von Stephan Zimmermann 
Hef t  Nr.  23311997 -,,Zur Ã–kologi des Dirnethylsulfoniumpropionat (DMSP)-Gehaltes temperierter und polarer 
Phytoplanktongemeinschaften im Vergleich mit Laborkulturen der Coccolithophoride Emiliania huxleyi und der antarkti- 
schen Diatomee Nitzschia lecointei', von Doris Meyerdierks. 
H e f t  Nr. 23411997 - Ã£Di Expedition ARCTIC '96 des FS ,Polarstern' (ARK XIII) mit der Arctic Climate System Study 
(ACSYS)", von Ernst Augstein und den Fahrtteilnehrnern. 
Hef t  Nr.  23511997 - Ã£Polonium-21 und Blei-219 im SÃ¼dpolarmeer NatÃ¼rlich Tracer fÃ¼ biologische und 
hydrographische Prozesse im OberflÃ¤chenwasse des Antarktischen Zirkurnpolarstroms und des Weddellmeeres", 
von Jana Friedrich 
H e f t  Nr. 23611997 - "Determination of atrnospheric trace gas amounts and corresponding natural isotopic ratios by 
rneans of ground-based FTIR spectroscopy in the high Arctic", by Arndt Meier. 
H e f t  Nr.  23711997 - "Russian-Gerrnan Cooperation: The Expedition TAYMYRiSEVERNAYA ZEMLYA 1996,  
edited by Martin Melles, Birgit Hagedorn and Dmitri Yu. Bolshiyanov 
H e f t  Nr. 23811997 - "Life strategy and ecophysiology of Antarctic rnacroalgae", by Ivan M. Gomez. 
H e f t  Nr.  23911997 - Ã£Di Expedition ANTARKTIS Xllll4-5 des Forschungsschiffes ,Polarstern' 1996", 
herausgegeben von Eberhard Fahrbach und Dieter Gerdes. 
H e f t  Nr.  24011997 - Ã£Untersuchunge zur Chrom-Speziation in Meerwasser, Meereis und Schnee aus ausgewÃ¤hlte 
Gebieten der Arktis", von Heide Giese, 
H e f t  Nr.  24111997 - "Late Quaternary glacial history and paleoceanographic reconstructions along the East Greenland 
continental rnargin: Evidence from high-resolution records of stable isotopes and ice-rafted debris", by Seung-11 Nam. 
H e f t  Nr.  24211997 -"Thermal, hydrological and geochemical dynamics of the active layer at a continuous perrnafrost site, 
Tayrnyr Peninsula, Siberia", by Julia Boike. 
H e f t  Nr.  24311997 - Ã£Zu PalÃ¤oozeanograplii hoher Breiten: Stellvertreterdaten aus Foraminiferen", 
von Andreas Mackensen. 
H e f t  Nr.  24411997 - "The Geophysical Observatory at Neumayer Station, Antarctica, Geornagnetic and seisrnological 
observations in 1995 and 1996", by Alfons Eckstaller, Thornas Schmidt, Viola Graw, Christian MÃ¼lle and Johannes 
Rogenhagen. 
H e f t  Nr.  24511997 - ,,Temperaturbedarf und Biogeographie mariner Makroalgen - Anpassung mariner Makroalgen 
an tiefe Temperaturen, von Bettina Bischoff-BÃ¤srnann 
H e f t  Nr.  24611997 - Ã£Ã–kologisc Untersuchungen zur Fauna des arktischen Meereises", von Christine Friedrich. 
Hef t  Nr.  24711997 - ,.Entstehung und Modifizierung von marinen gelÃ¶ste organischen Substanzen", von Berit Kirchhoff. 
H e f t  Nr. 24811 997 - "Laptev Sea System: Expeditions in 1995", edited by Heidemarie Kassens. 
H e f t  Nr. 24911997 - "The Expedition ANTARKTIS Xllli3 (EASIZ I) of RV 'Polarstern' to the eastern Weddell Sea in 1996", 
edited by Wolf Arntz and Julian Gutt. 
H e f t  Nr. 25011997 - ,,Vergleichende Untersuchungen zur Ã–kologi und BiodiversitÃ¤ des Mega-Epibenthos der Arktis 
und Antarktis", von Adreas Starrnans. 
H e f t  Nr. 25111997 - *Zeitliche und rÃ¤umlich Verteilung von Mineralvergesellschaftungen in spÃ¤tquartÃ¤r Sedimenten 
des Arktischen Ozeans und ihre NÃ¼tzlichkei als Klimaindikatoren wÃ¤hren der Glazialllnterglazial-Wechsel", 
von Christoph Vogt. 
H e f t  Nr.  25211997 -,,SolitÃ¤r Ascidien in der Potter Cove (King George Island, Antarktis). Ihre Ã¶kologisch Bedeutung 
und Populationsdynamik", von Stephan KÃ¼hne 
H e f t  Nr.  25311997 -"Distribution and role of microprotozoa in the Southern Ocean", by Christine Klaas. 
H e f t  Nr .  25411997 - Ã£Di spÃ¤tquartÃ¤ Klima- und Urnweltgeschichte der Bunger-Oase, Ostantarktis", 
von Thomas Kulbe 
Heft Nr. 25511997 - "Scientific Cruise Report of the Arctic Expedition ARK-XIIIl2 of RV 'Polarstern' in 1997", 
edited by Ruediger Stein and Kirsten Fahl. 
Heft Nr. 25611998 - Ã£Da Radionuklid Tritium im Ozean: MeÃŸverfahre und Verteilung von Tritium im Sudatlantik 
und im Weddellmeer", von Jurgen SultenfuÃŸ 
Heft Nr. 25711998 - Ã£Untersuchunge der SaisonalitÃ¤ von atmosphÃ¤rische Dimethylsulfid in der Arktis und Antarktis", 
von Christoph Kleefeld. 
Heft Nr. 25811998 - ,,Bellingshausen- und Amundsenmeer: Entwicklung eines Sedimentationsmodells", 
von Frank-Oliver Nitsche. 
Heft Nr. 25911998 - "The Expedition ANTARKTIS-XIVl4 of RV 'Polarstern' in 1997" by Dieter K. Futterer. 
' Heft Nr. 26011998 - Ã£Di Diatomeen der Laptevsee (Arktischer Ozean): Taxonomie und biogeographische Verbreitung", 
von Holger Cremer 
Heft Nr. 26111998 - Ã£Di Krustenstruktur und Sedimentdecke des Eurasischen Beckens, Arktischer Ozean: 
Resultate aus seismischen und gravimetrischen Untersuchungen", von Estella Weigelt. 
Heft Nr. 262/1998 - "The Expedition ARKTIS-Xllll3 of RV 'Polarstern' in 1997" by Gunther Krause. 
Heft Nr. 26311998 - ,,Thermo-tektonische Entwicklung von Gates Land und der Shackleton Range (Antarktis) basierend 
auf Spaltspuranalysen", von Thorsten SchÃ¤fer 
Heft Nr. 26411998 - Ã£Messunge der stratosphÃ¤rische Spurengase CIO, HCI, 03, N20, H20 und OH mittels fiugzeugge- 
tragener Submillimeterwellen-Radiometrie", von Joachim Urban. 
Heft Nr. 26511998 - Ã£Untersuchunge zu Massenhaushalt und Dynamik des Ronne Ice Shelfs, Antarktis", 
von Astrid Lambrecht. 
Heft Nr. 26611998 -"Scientific Cruise Report of the Kara Sea Expedition of RV 'Akademie Boris Petrov' in 1997, 
edited by Jens Matthiessen and Oleg Stepanets. 
Heft Nr. 267/1998 - Jie Expedition ANTARKTIS-XIV mit FS ,Polarstern' 1997. Bericht vom Fahrtabschnitt ANT-XlVl3, 
herausgegeben von Wilfried Jokat und Hans Oerter. 
Heft Nr. 26811998 - Ã£Numerisch Modellierung der Wechselwirkung zwischen AtmosphÃ¤r und Meereis in der 
arktischen Eisrandzone" von Gerit Birnbaum. 
Heft Nr. 26911998 - "Katabatic wind and Boundary Layer Front Experiment around Greenland (KABEG '97)", 
by Gunther Heinemann. 
Heft Nr. 27011998 - "Architecture and evolution of the continental crust of East Greenland from integrated 
geophysical studies", by Vera Schlindwein. 
Heft Nr. 27111998 -"Winter Expedition to the Southwestern Kara Sea - Investigations on Formation and Transport of 
Turbid Sea-Ice", by Dirk Dethleff, Per Loewe, Dominik Weiel, Hartmut Nies, Gesa Kuhlmann, Christian Bahe 
and Gennady Tarasov. 
Heft Nr. 272/1998 - ,,FTIR-Emissionsspektroskopische Untersuchungen der arktischen AtmosphÃ¤re" von Edo Becker. 
Heft Nr. 27311998 - ,,Sedimentation und Tektonik im Gebiet des Agulhas RÃ¼cken und des Agulhas Plateaus (,SETA- 
RAP')", von Gabriele Uenzelmann-Neben. 
Heft Nr. 27411998 - "The Expedition ANTARKTIS XIVl2, by Gerhard Kattner. 
Heft Nr. 27511998 - Jie Auswirkung der 'NorthEastWater'-Polynya auf die Sedimentation von NO-GrÃ¶nlan und 
Untersuchungen zur PalÃ¤o-Ozeanographi seit dem Mittelweichsel", von Hanne Notholt. 
Heft Nr. 27611998 - Ã£Interpretatio und Analyse von Potentialfelddaten im Weddellmeer, Antarktis: der Zerfall des 
Superkontinents Gondwana", von Michael Studinger. 
Heft Nr. 27711998 - Ã£Koordinierte Programm Antarktisforschung". Berichtskolloquium im Rahmen des Koordinierten 
Programms ,,Antarktisforschung mit vergleichenden Untersuchungen in arktischen Eisgebieten", 
herausgegeben von Hubert Miller. 
Heft Nr. 27811998 - Ã£Messun stratosphÃ¤rische Spurengase Ã¼be Ny-Alesund, Spitzbergen, mit Hilfe eines 
bodengebundenen Mikrowellen-Radiometers", von Uwe Raffalski. 
Heft Nr. 27911998 - "Arctic Paleo-River Discharge (APARD). A New Research Programme of the Arctic Ocean Science 
Board (AOSB)", edited by Ruediger Stein. 
Heft Nr. 28011998 - ,,Fernerkundungs- und GIS-Studien in NordostgrÃ¶nland von Friedrich Jung-RothenhÃ¤usler 
Heft Nr. 28111998 - ,,Rekonstruktion der OberflÃ¤chenwassermasse der Ã¶stliche Laptevsee im HolozÃ¤ anhand 
von aquatischen Palynomorphen", von Martina Kunz-Pirrung. 
Heft Nr. 282/1998 - "Scavenging of "'Pa and "OTh in the South Atlantic: Implications for the use of the 23'Pa/230Th ratio 
as a paleoproductivity proxy", by Hans-Jurgen Walter. 
Heft Nr. 28311998 - Ã£Sedirnent im arktischen Meereis - Eintrag, Charakterisierung und Quantifizierung", 
von Frank Lindemann. 
Heft Nr. 28411998 - ,,Langzeitanalyse der antarktischen Meereisbedeckung aus passiven Mikrowellendaten", 
von Christian H. Thomas. 
Heft Nr. 28511998 - Ã£Mechanisme und Grenzen der Temperaturanpassung beim Pierwurm Arenicola marina (L.)", 
von Angela Sommer. 
Heft Nr. 28611998 - ,,EnergieumsÃ¤tz benthischer Filtrierer der Potter Cove (King George Island, Antarktis)", 
von Jens Kowalke. 
Heft Nr. 28711998 - "Scientific Cooperation in the Russian Arctic: Research from the Barents Sea up to the Laptev 
Sea", edited by Eike Rachor. 
Heft Nr. 28811998 - Ã£Alfre Wegener. Kommentiertes Verzeichnis der schriftlichen Dokumente seines Lebens 
und Wirkens", von Ulrich Wutzke. 
Heft Nr. 28911998 - "Retrieval of Atmospheric Water Vapor Content in Polar Regions Using Spaceborne 
Microwave Radiometry", by Jungang Miao. 
Heft Nr. 29011998 - Ã£Strukturell Entwicklung und Petrogenese des nÃ¶rdliche KristallingÃ¼rtel der Shackleton Range, 
Antarktis: Proterozoische und Ross-orogene Krustendynamik am Rand des Ostantarktischen Kratons", 
von Axel Brommer. 
Heft Nr. 29111998 - Ã£Dynami des arktischen Meereises - Validierung verschiedener RheologieansÃ¤tz fÃ¼ die 
Anwendung in Klimamodellen", von Martin Kreyscher. 
Heft Nr. 29211998 -,,Anthropogene organische Spurenstoffe im Arktischen Ozean, Untersuchungen chlorierter Bi- 
phenyle und Pestizide in der Laptevsee, technische und methodische Entwicklungen zur Probenahme in der Arktis 
und zur Spurenstoffanalyse", von Sven Utschakowski. 
Heft Nr. 29311998 - Ã£Rekonstruktio der spÃ¤tquartÃ¤r Klima- und Umweltgeschichte der Schirmacher Oase und des 
Wohlthat Massivs (Ostantarktika)", von Markus Julius Schwab. 
Heft Nr. 29411998 - ,,Besiedlungsmuster der benthischen Makrofauna auf dem ostgrÃ¶nlÃ¤ndisch Kontinentalhang", 
von Klaus Schnack. 
Heft Nr. 29511998 - ,,GehÃ¤useuntersuchunge an planktischen Foraminiferen hoher Breiten: Hinweise auf 
UmweltverÃ¤nderunge wÃ¤hren der letzten 140.000 Jahre", von Harald Hommers. 
Heft Nr. 29611998 -"Scientific Cruise Report of the Arctic Expedition ARK-XIII/I of RV 'Polarstern' in 1997, 
edited by Michael Spindler, Wilhelm Hagen and Dorothea StÃ¼bing 
Heft Nr. 29711998 - ,,Radiometrische Messungen im arktischen Ozean -Vergleich von Theorie und Experiment", 
von Klaus-Peter Johnsen. 
Heft Nr. 298111998 -"Patterns and Controls of COo Fluxes in Wet Tundra Types of the Taimyr Peninsula, Siberia - 
the Contribution of Soils and Mosses", by Martin Sommerkorn. 
Heft Nr. 29911998 -"The Potter Cove coastal ecosystem, Antarctica. Synopsis of research performed within the frame 
of the Argentinean-German Cooperation at the Dallmann Laboratory and Jubany Station (Kind George Island, Antarctica, 
1991 - 1997)", by Christian Wiencke, Gustavo Ferreyra, Wolf Arntz & Carlos Rinaldi. 
Heft Nr. 30011999 -"The Kara Sea Expedition of RV 'Akademik Boris Petrov' 1997: First Results of a Joint Russian- 
German Pilot Study", edited by Jens Matthiessen, Oleg V. Stepanets, Ruediger Stein, Dieter K. FÃ¼tterer and 
Eric M. Galimov. 
Heft Nr. 30111999 -"The Expedition ANTARKTIS XV/3 (EASIZ II)", edited by Wolf E. Arntz and Julian Gutt. 
Heft Nr. 30211999 - ,,Sterole im herbstlichen Weddellmeer (Antarktis): GroÃŸrÃ¤umi Verteilung, Vorkommen und Um- 
satz", von Anneke MÃ¼hlebach 
Heft Nr. 30311999 - Ã£Polar stratosphÃ¤risch Wolken: Lidar-Beobachtungen, Charakterisierung von Entstehung und 
Entwicklung", von Jens Biete. 
Heft Nr. 30411999 - ,,SpÃ¤tquartÃ¤ PalÃ¤oumweltbedingunge am nÃ¶rdliche Kontinentalrand der Barents- und Kara- 
See. Eine Multi-Parameter-Analyse", von Jochen Knies. 
Heft Nr. 30511999 - "Arctic Radiation and Turbulente Interaction Study (ARTIST)", by JÃ¶r Hartmann, Frank Albers, 
Stefania Argentini, Axel Bochert, Ubaldo Bonafe, Wolfgang Cohrs, Alessandro Conidi, Dietmar Freese, Teodoro Geor- 
giadis, Alessandro Ippoliti, Lars Kaleschke, Christof LÃ¼pkes Uwe Maixner, Giangiuseppe Mastrantonio, Fabrizio Raveg- 
nani, Andreas Reuter, Giuliano Trivellone and Angelo Viola. 
Heft Nr. 30611999 -"German-Russian Cooperation: Biogeographic and biostratigraphic investigations on selected 
Sediment cores from the Eurasian continental margin and marginal seas to analyze the Late Quaternary climatic 
variability", edited by Robert R. Spielhagen, Max S. Barash, Gennady I. Ivanov, and JÃ¶r Thiede. 
Heft Nr. 30711999 - Ã£Struktu und Kohlenstoffbedarf des Makrobenthos am Kontinentalhang OstgrÃ¶nlands" 
von Dan Seiler. 
Heft Nr. 30811999 - "ARCTIC '98: The Expedition ARK-XIV/la of RV 'Polarstern' in 1998", edited by Wilfried Jokat. 
Heft Nr. 30911999 - Ã£VariabilitÃ der arktischen Ozonschicht: Analyse und Interpretation bodengebundener 
Millimeterwellenmessungen", von BjÃ¶rn-Marti Sinnhuber. 
Heft Nr. 31011999 - Ã£Rekonstruktio von Meereisdrift und terrigenem Sedimenteintrag im SpÃ¤tquartÃ¤ Schwermineral- 
assoziationen in Sedimenten des Laptev-See-Kontinentalrandes und des zentralen Arktischen Ozeans", 
von Marion Behrends. 
Heft Nr. 31111999 - ,,Parameterisierung atmosphÃ¤rische Grenzschichtprozesse in einem regionalen Klimamodell 
der Arktis", von Christoph Abegg. 
Heft Nr. 31211999 - Ã£Solar und terrestrische Strahlungswechselwirkung zwischen arktischen EisflÃ¤che 
und Wolken", von Dietmar Freese. 
Heft Nr. 31311999 - "Snow accumulation on EkstrÃ¶misen Antarctica", by Elisabeth Schlosser, Hans Oerter 
and Wolfgang Graf. 
Heft Nr. 31411999 - -Die Expedition ANTARKTIS XV/4 des Forschungsschiffes ,Polarsterns 1998", 
herausgegeben von Eberhard Fahrbach. 
Heft Nr. 31511999 -"Expeditions in Siberia in 1998" edited by Volker Rachold. 
Heft Nr. 31611999 - Ã£Di postglaziale Sedimentationsgeschichte der Laptewsee: schwermineralogische und 
sedimentpetrographische Untersuchungen", von Bernhard Peregovich. 
Heft-Nr. 31711999 - Ã£Adaptio an niedrige Temperaturen: Lipide in Eisdiatomeen", von Heidi Lehmal. 
Heft-Nr. 31811999 - Ã£Effizient parallele LÃ¶sungsverfahre fÃ¼ elliptische partielle Differentialgleichungen in der numerischen 
Ozeanmodellierung", von Natalja Rakowsky. 
Heft-Nr. 31911999 - "The Ecology of Arctic Deep-Sea Copepods (Euchaetidae and Aetideidae). Aspects of their Distributio 
Trophodynamics and Effect on the Carbon Flux", by Holger Auel. 
Heft-Nr. 32011999- "Modellstudien zur arktischen stratosphÃ¤rische Chemie im Vergleich mit MeÃŸdaten" 
von Veronika Eyring. 
Heft-Nr. 32111999 - "Analyse der optischen Eigenschaften des arktischen Aerosols", von Dagmar Nagel. 
Heft-Nr. 32211999- "Messungen des arktischen stratosphÃ¤rische Ozons: Vergleich der Ozonmessungen in NY-Alesund, 
Spitzbergen, 1997 und 1998", von Jens Langer. 
Heft-Nr. 32311999 -"Untersuchung struktureller Elemente des sÃ¼dÃ¶stlich Weddellmeeres 1 Antarktis 
auf der Basis mariner Potentialfelddaten", von Uwe F. Meyer. 
Heft-Nr. 32411999 - "Geochemische Verwitterungstrends eines basaltischen Ausgangsgesteins nach dem spÃ¤tpleistozÃ¤n 
GletscherrÃ¼ckzu auf der Taimyrhalbinsel (Zentralsibirien) - Rekonstruktion an einer sedimentÃ¤re Abfolge des Lama Sees" 
von Stefanie K. Harwart. 
Heft-Nr. 32511999 - "Untersuchungen zur Hydrologie des arktischen Meereises - Konsequenzen fÃ¼ den kleinskaligen 
Stofftransport", von Johannes Freitag. 
Heft-Nr. 32611999- "Die Expedition ANTARKTIS XIV/2 des Forschungsschiffes 'Polarstern' 1998", 
herausgegeben von Eberhard Fahrbach. 
Heft-Nr. 32711999 - "Gemeinschaftsanalytische Untersuchungen der Harpacticoidenfauna der Magellanregion, sowie erste 
similaritÃ¤tsanalytisch Vergleiche mit Assoziationen aus der Antarktis", von Kai Horst George. 
Heft-Nr. 32811999- "Rekonstruktion der PalÃ¤o-Umweltbedingunge am Laptev-See-Kontinentalrand wÃ¤hren der beiden 
letzten Glazial/Interglazial-Zyklen anhand sedimentologischer und mineralogischer Untersuchungen", 
von Claudia MÃ¼ller 
Heft-Nr, 32911999 - "RÃ¤umlich und zeitliche Variationen atmosphÃ¤rische Spurengase aus bodengebundenen Messunger 
mit Hilfe eines Michelson interferometers", von Justus Notholt. 
Heft-Nr. 33011999 - "The 1998 Danish-German Excursion to Disko Island, West Greenland", edited by Angelika Brandt, 
Helge A. Thomsen, Henning Heide-Jergensen, Reinhard M. Kristensen and Hilke Ruhberg. 
Heft-Nr. 33111999- "Poseidon" Cruise No. 243 (Reykjavik- Greenland - Reykjavik, 24August - 11 September 1998): 
Climate change and the Viking-age fjord environment of the Eastern Settlement, sw Greenland", by Gerd Hoffmann, 
Antoon Kuijpers, and JÃ¶r Thiede. 
Heft-Nr. 33211999 - "Modeling of marine biogeochemical cycles with an emphasis on vertical particie fluxes", 
by Regina Usbeck. 
Heft-Nr. 33311999 - "Die Tanaidaceenfauna des Beagle-Kanals und ihre Beziehungen zur Fauna des antarktischen 
Festlandsockels", von Anja Schmidt. 
Heft-Nr. 33411999- "D-AminosÃ¤ure als Tracer fÃ¼ biogeochemische Prozesse im FluÃŸ-Schelf-Ozean-Syste der Arktis", 
von Hans Peter Fitznar. 
Heft-Nr. 33511999- "Ã–kophysiologisch Ursachen der limitierten Verbreitung reptanter decapoder Krebse in der Antarktis'' 
von Markus Frederich. 
Heft-Nr. 336/1999- "Ergebnisse der Untersuchung des grÃ¶nlÃ¤ndisch Inlandeises mit dem elektromagnetischen 
Reflexionsverfahren in der Umgebung von NGRIP", von Fidan GÃ¶ktas 
Heft-Nr. 33711999 - "Paleozoic and mesozoic tectono-thermal history of central Dronning Maud Land, East Antarctica, - 
evidence from fission-track thermochronology", by Stefanie Meier. 
Heft-Nr. 33811999 - "Probleme hoher Stoffwechselraten bei Cephalopoden aus verschiedenen geographischen Breiten", 
von Susanne Zielinski. 
Heft-Nr. 33911999- "The Expedition ARKTIS XV/I3', edited by Gunther Krause. 
Heft-Nr. 34011999- "Microbial Properties and Habitats of Permafrost Solls On Taimyr Peninsula, central Siberia", 
by Nicole Schmidt. 
Heft-Nr. 34111999 - "Photoacclimation of phytoplankton in different biogeochemical provinces of the Southern Ocean 
and its significance for estimating primary production", by Astrid Bracher. 
Heft-Nr. 34211999- "Modern and Late Quaternary Depositional Environment of the St. Anna Trough Area, 
Northern Kara Sea", edited by Ruediger Stein, Kirsten Fahl, Gennadij I. Ivanov, Michael A. Levitan, and Gennady Tarasov. 
Heft-Nr. 34311999 - "ESF-IMPACT Workshop/Oceanic impacts: mechanisms and environmental perturbations, 
15-17 April 1999 in Bremerhaven", edited by Rainer Gersonde and Alexander Deutsch. 
Heft-Nr. 34411999 - "Die Klimageschichte der hohen nÃ¶rdliche Breiten seit dem mittleren MiozÃ¤n 
Hinweise aus sedimentologischen-tonmineralogischen Analysen (ODP Leg 151, zentrale FramstraÃŸe)" von Amelie Winkler. 
Heft-Nr. 34511999- "Kurzfristige Klimaschwankungen im Scotiameer und Ergebnisse zur Kalbungsgeschichte der Antarktis 
wÃ¤hren der letzten 200000 Jahre", von Annette Hofmann. 
Heft-Nr. 34612000 - "Glazialmarine Sedimentationsentwicklung am westantarktischen Kontinentalrand im Amundsen- und 
Bellingshausenmeer - Hinweise auf PalÃ¤oumweltverÃ¤nderung wÃ¤hren der quartÃ¤re Klimazyklen", 
von Claus-Dieter Hillenbrand. 
Heft-Nr. 34712000 - "Zur Ã–kologi des Phytoplanktons im arktischen Laptevmeer - ein jahreszeitlicher Vergleich", 
von Kirsten Tuschling. 
Heft-Nr. 34812000 - "Untersuchungen zum Fettstoffwechsel des SÃ¼dliche See-Elefanten (Mirounga leonina L.) 
in der Antarktis", von Sven Ramdohr. 
Heft-Nr. 34912000 - ,,Licht- und TemperatureinfluÃ auf den enzymatischen Oxidationsschutz der antarktischen 
Eisdiatomee Entomoneis kufferathii Manguin", von Raimund Schriek. 
Heft-Nr. 35012000 - =Die Expedition ARKTIS XVl3 des Forschungsschiffes 'Polarstern' 1999", 
herausgegeben von Ursula Schauer. 
Heft-Nr. 35112000 - "Dissolution kinetics of biogenic silica in marine environments", by Dirk Rickert. 
Heft-Nr. 35212000- ,,Geometrie und Kinematik des tertiÃ¤re Deckenbaus im West Spitzbergen Falten- und 
ÃœberschiebungsgÃ¼rte Br~ggerhalvoya, Svalbard", von Kerstin Saalmann. 
Heft-Nr. 35312000 - ,,Zur Ã–kologi der Benthos-Foraminiferen der Potter Cove (King George Island, Antarktis)", 
von Michaela Mayer. 
Heft-Nr. 35412000- "Expeditions in Siberia in 1999", edited by Volker Rachold. 
Heft-Nr. 35512000 - ,,Temperaturrekonstruktion im Tropischen Atlantik fÃ¼ das Letzte Glaziale Maximum: 
CLIMAP neu betrachtet", von Carsten Porthun. 
Heft-Nr. 35612000 - ,,Niederfrequente VariabilitÃ¤ groÃŸrÃ¤umig atmosphÃ¤rische Zirkulationsstrukturen in spektralen 
Modellen niederer Ordnung", von Antje Weisheimer. 
Heft-Nr. 35712000 - "Late Quaternary paleoclimatic reconstructions along the Eurasian continental margin", 
by Hans Peter Kleiber. 
Heft-Nr. 35812000 - "Holocene environmental history of East Greenland - evidence from lake sediments", 
by Bernd Wagner. 
Heft-Nr. 35912000- "Scientific Cooperation in the Russian Arctic: Ecology of the White Sea with Emphasis 
on its Deep Basin", edited by Eike Rachor. 
Heft-Nr. 36012000- "Scientific Cruise Report of the Joint Russian-German Kara-Sea Expedition of 
RV 'Akademik Boris Petrov' in 1999", edited by Ruediger Stein and Oleg Stepanets. 
Heft-Nr. 36112000 - "Planktic foraminifer ecology and stable isotope geochemistry in the Arctic Ocean: implications 
from water column and sediment surface studies for quantitative reconstructions of oceanic parameters.", 
by Renate Volkmann. 
Heft-Nr. 36212000 - ,,Eisbohrkernuntersuchungen zur rÃ¤umliche und zeitlichen VariabilitÃ¤ von Temperatur 
und Niederschlagsrate im SpÃ¤tholozÃ in NordgrÃ¶nland" von Matthias Schwager. 
Heft-Nr. 36312000 - ,,Benthische Peracarida (Crustacea, Malacostraca) des arktischen Mellemfjordes, West-GrÃ¶nland" 
von Anne-Nina LÃ¶rz 
Heft-Nr. 36412000 - ,,Die Expeditionen ANTARKTIS XVIl3-4 des Forschungsschiffes 'Polarstern' 1999", 
herausgegeben von Ulrich Bathmann, Victor Smetacek und Manfred Reinke. 
Heft-Nr. 36512000- "Organic carbon in Late Quaternary sediments: Responses to paleoenvironmental changes in the 
Laptev and Kara seas (Arctic Ocean)", by Bettina Boucsein. 
Heft-Nr. 36612000 - ,,FlugzeuggestÃ¼tzt Topographie- und Schweremessung: MeÃŸsyste und Anwendung auf die 
Region FramstraÃŸe Spitsbergen und NordostgrÃ¶nland" von Tobias Boebel. 
Heft-Nr. 36712000- ,,Messung dielektrischer Eigenschaften polarer Eiskerne", von Frank Wilhelms. 
Heft-Nr. 36812000- "The Expedition ARKTIS-XVl2 of RV 'Polarstern' in 1999", edited by Wilfried Jokat. 
Heft-Nr. 36912000 - ,,Interpretation seismischer und gravimetrischer Daten des Weddellmeeres, Antarktis", 
von Johannes Rogenhagen. 
Heft-Nr. 37012000 - ,,Struktureigenschaften und Nahrungsbedarf der Zoobenthosgemeinschaften im Bereich des 
LomonossowrÃ¼cken im Arktischen Ozean", von Hendrik Deubel. 
Heft-Nr. 37112000 - ,,Die Rolle der Schneebedeckung fÃ¼ die Kryptogamen-Vegetation in der maritimen Antarktis 
(Potter-Halbinsel), King George Island)", von Jana Barbro Winkler. 
Heft-Nr. 37212000- "Biodiversity of the Weddell Sea: macrozoobenthic species (demersal fish included) sampled 
during the expedition ANT Xllll3 (EASIZ I) with RV 'Polarstern'", edited by Julian Gutt, Boris I. Sirenko, Wolf E. Arntz, 
Igor S. Smirnov, and Claude De Broyer. 
Heft-Nr. 37312000 - ,,Benthische Foraminiferen im Boreas-Becken, GrÃ¶nlandsee Verbreitung und palÃ¤o-ozeanographisch 
Rekonstruktionen fÃ¼ die letzten 450.000 Jahre", von Sabine Magnus. 
Heft-Nr. 37412000 - ,,Scherwellendoppelbrechungsanalyse von Registrierungen der Stationen des seismologischen 
Netzwerkes an der Neumayer Station, Antarktis: Seismische Anisotropie und die tektonische Entwicklung des 
Kontinentalrandes Queen Maud Lands", von Christian MÃ¼ller 
Heft-Nr. 37512000 - "Effects of enhanced UV-radiation On photosynthesis of Arcticlcold-temperate macroalgae", 
by Kai Bischof. 
Heft-Nr. 37612000 - ,,SaisonalitÃ¤ und kurzperiodische VariabilitÃ¤ des Seesalz-Aerosols und des bodennahen Ozons 
in der Antarktis (Neumayer-Station) unter BerÃ¼cksichtigun der Meereisbedeckung", von JÃ¶r Hofmann. 
Ab dem Heft-Nr. 377 erscheint die Reihe unter dem Namen: 
,,Berichte zur Polar- und Meeresforschung" 
Heft-Nr. 37712000 - ,,Rekrutierungsmuster ausgewÃ¤hlte Wattfauna nach unterschiedlich strengen Wintern" 
von Matthias Strasser. 
Heft-Nr. 37812001 - ,,Der Transport von WÃ¤rme Wasser und Salz in den Arktischen Ozean", von Boris Cisewski. 
Heft-Nr. 37912001 - ,,Analyse hydrographischer Schnitte mit Satellitenaltimetrie", von Martin Losch. 
Heft-Nr. 38012001 - ,,Die Expeditionen ANTARKTIS XVI/I -2 des Forschungsschiffes POLARSTERN 1998/1999", 
herausgegeben von Eberhard Fahrbach und Saad EI Naggar. 
Heft-Nr. 38112001 - ,,UV-Schutz- und Reparaturmechanismen bei antarktischen Diatomeen und Phaeocysfis antarctica", 
von Lieselotte Riegger. 
Heft-Nr. 38212001 - "Age determination in polar Crustacea using the autofluorescent pigment lipofuscin", 
by Bodil Bluhm. 
Heft-Nr. 38312001 - Ã£Zeitlich und rÃ¤umlich Verteilung, HabitatsprÃ¤ferenze und Populationsdynamik 
benthischer Copepoda Harpacticoida in der Potter Cove (King George Island, Antarktis)", von Gritta Veit-KÃ¶hler 
Heft-Nr. 38412001 - ,,BeitrÃ¤g aus geophysikalischen Messungen in Dronning Maud Land, Antarktis, zur Auffindung 
eines optimalen Bohrpunktes fur eine Eiskerntiefbohrung", von Daniel Steinhage. 
Heft-Nr. 38512001 - ,,Actinium-227 als Tracer fur Advektion und Mischung in der Tiefsee", von Walter Geibert. 
Heft-Nr. 38612001 - ,,Messung von optischen Eigenschaften troposphÃ¤rische Aerosole in der Arktis", 
von Rolf Schumacher. 
Heft-Nr. 38712001 - ,,Bestimmung des Ozonabbaus in der arktischen und subarktischen StratosphÃ¤re" von Astrid Schulz. 
Heft-Nr. 38812001 - "Russian-German Cooperation SYSTEM LAPTEV SEA 2000: The Expedition LENA 2000", 
edited by Volker Rachold and Mikhail N. Grigoriev. 
Heft-Nr. 38912001 - "The Expeditions ARKTIS XVIII and ARKTIS XVIl2 of the Rearch Vessel ,Polarstern' in 2000", 
edited by Gunther Krause and Ursula Schauer. 
Heft-Nr. 39012001 - "Late Ouaternary climate variations recorded in North Atlantic deep-sea benthic ostracodes", 
by Claudia Didie. 
Heft-Nr. 39112001 - "The polar and subpolar North Atlantic during the last five glacial-interglacial cycles", 
by Jan P. Helmke. 
Heft-Nr. 39212001 - .,Geochemische Untersuchungen an hydrothermal beeinfluÃŸte Sedimenten der Bransfield StraÃŸ 
(Antarktis)", von Anke DÃ¤hlmann 
Heft-Nr. 39312001 - "The German-Russian Project on Siberian River Run-off (SIRRO): Scientific Cruise Report of the 
Kara-Sea Expedition 'SIRRO 2000' of RV ,Boris Petrov' and first results", edited by Ruediger Stein and Oleg Stepanets. 
Heft-Nr. 39412001 - ,,Untersuchungen der Photooxidantien Wasserstoffperoxid, Methylhydroperoxid und Formaldehyd 
in der TroposphÃ¤r der Antarktis ", von Katja Riedel. 
Heft-Nr. 39512001 -"Pole of benthic cnidarians in the energy transfer processes in the Southern Ocean marine ecosystem 
(Antarctica)", by Covadonga Orejas Saco del Valle. 
Heft-Nr. 39612001 - "Biogeochemistry of Dissolved Carbohydrates in thew Arctic", by Ralph Engbrodt, 
Heft-Nr. 39712007 - "Seasonality of marine algae and grazers of an Antarctic rocky intertidal, with emphasis on the role of 
the limpet Nacilla concinna Strebel (Gastropoda: Patellidae)", by Dohong Kim. 
vergriffen / out of print, 
* nur noch besm Autor 1 only from the author. 

